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NCAM BINDING COMPOUNDS 

The present invention relates to treatment of diseases 
and conditions of the central and peripheral nervous 
system, treatment of diseases and conditions of muscles 
and treatment of diseases and conditions of various 
organs. In particular, the present invention concerns new 
compounds which are capable of stimulating prol i f eratxon 
of and/or neurite outgrowth from cells presenting the 
neural cell adhesion molecule (NCAM), such as neurones. 
In a further aspect, the present invention relates to 
compositions, and medicaments as well as methods for 
treating normal, degenerated or damaged NCAM presenting 
15 cells. 

BACKGROUND OF THE INVENTION 

The brain and thus nerve cells and their function have 
20 during the last decades become an increasing subject of 
scientific investigations. Without doubt, the proper- 
function of this complex system is extremely important 
for the proper function of the body and mind. It has been 
found that physical and mental malfunction can be related 

25 to i.a. abnormalities in level of signalling compounds, 
including neurotransmitters. Some malfunctions can be 
related to decay of nerve cells (neurones), connections 
between nerve cells and connections between muscle cells 
and nerve cells. This is e.g. the case xn 

30 neurodegenerative diseases such as Alzheimers Disease, 
where death of nerve cells leads to senility. 

During the development of the brain, connections between 
nerve cells (neurones) are formed. Such connections are 
35 necessary for communication between neurones to occur, 
allowing individual neurones to function together as a 
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(Edelman 90). Thus, NCAM is believed to be important for 
the development of the nervous system (Daston et al 1996) 
and various organs including the kidney (Lackie et al 
1990), the liver (Knittel et al 1996), the bowel 
5 (Romanska et al 1996), the heart (Gaardsvoll et al 1993), 
the gonads (Moller et al 1991), the pancreas (Mailer et 
al 1992), and the muscles (Landmesser et al 1990). 
Therefore, ligands capable of influencing NCAM function 
may potentially be beneficial in conditions of impaired 

10 development of these organs by inducing appropriate 
differentiation of target cells (Walsh et al 1990). In 
the brain, the role of NCAM has been supported by knock 
out mice which have altered development of certain brain 
regions, including the olfactory system, the hippocampus, 

15 the cerebellum and the retina (Cremer et al 1994). In 
these tissues, the lack of NCAM expression impairs 
migration of cells (Ono et al 1994) and outgrowth and 
fasciculation of neurites (Cremer et al 1997) which in 
turn leads to altered synaptogenes is and morphological 

20 and functional changes. Transgenic mice with a change in 
the NCAM gene to produce only soluble NCAM forms die 
before birth further indicating that NCAM functions have 
great potential to interfere with development (Rabinowitz 
et al 1996) . 
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In the mature nervous system, NCAM have been shown to be 
important for the plasticity of neuronal connections 
associated with regeneration, learning and memory (Fields 
et al 1996 ). In the peripheral nervous system, NCAM is 
believed to be necessary for outgrowth of nerve fibres 
and formation of nerve-muscle connections in regeneration 
after damage including lesions (Nieke et al 1985) and 
stroke (Jucker et al 1995). 



35 



Moreover, NCAM is presumably involved in ageing-related 
impairments in the ability to regenerate peripheral 
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nerves and nerve-muscle connections (Olsen et al 1995) as 
well as in a number of degenerative muscle diseases 
(Walsh et al 1985). A similar role of NCAM has been 
observed in the central nervous system where NCAM is 

5 believed to be important for neuritic outgrowth, 
fasciculation, branching and probably target recognition 
associated with regeneration (Daniloff et al 1986). In 
addition, NCAM-MAG double knock out mice have shown that 
NCAM is also necessary for myelination of neuronal fibres 

10 which is of crucial importance for neuronal function 
(Carenini et al 1997). In learning, subtle remodelling of 
neuronal connections is necessary for the stabilisation 
of a memory trace and it has been shown that NCAM 
expression changes concomitant with such changes (Doyle 

15 et al 1992). Moreover, interference with NCAM function by 
antibodies or in knock out mice impairs the ability to 
learn (Luthi et al . , 1994 ; R 0 nn et al., 1995; Scholey et 
al 1993). From knock out mice, it has become evident that 
NCAM is also involved in other behavioural phenomena. 

20 Thus, NCAM knock out mice have altered circadian rhythm 
(Shen et al 1997) and males shown increased aggression 
(Stork et al 1997). In humans, elevated levels of soluble 
NCAM forms have been shown in schizophrenia (van Kammen 
et al 1998) and sclerosis (Massaro et al 1987) suggesting 

25 that NCAM could be of importance for these diseases. 

NCAM is found in three main forms of which two are 
transmembrane forms while the third form is attached to 
the membrane by a lipid anchor (see FIGURE 1). All three 

30 forms have the same structure extracellularly consisting 
of five immunoglobulin domains ( Ig domains) and two 
fibronectin like domains (Fnlll domains). A precursor 
form of the NCAM contains a signal sequence. The amino 
acid sequence of 140 Kd isoform precursor of human NCAM 

35 is shown in Figure 17. The Ig domains are numbered one to 
five from the N-terminai, that is Igl to Ig5. The 
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fibronectin domains are likewise called Fnllll and 
FnIH2. In addition to mediating cell adhesion, NCAM 
affect signal transduction in cells (Schuch et al 1989). 
When an NCAM molecule at the cell surface binds to 
5 another cell, a signal is transmitted to the interior of 
the cell (transmembrane signalling). Within the cell, a 
signalling cascade is activated that subsequently 
influences the behaviour of the cell. It has been shown 
that signalling initiated by NCAM binding can stimulate 
10 neurite extension (Doherty et al . , 1996). 

It is unclear, which of the NCAM domains mediate cell 
adhesion and signal transduction. The generally accepted 
hypothesis predicts that hemophilic NCAM adhesion is 

15 mediated by a transreciprocal interaction between the Ig3 
domains of two opposing NCAM molecules. Considerable 
evidence supports this notion and a putative binding site 
has been identified (Rao et al 1992, Rao et al 1994 , 
Sandig et al 1994). Also ligands affecting the Ig3 domain 

20 have been shown to inhibit NCAM mediated cell adhesion, A 
recent hypothesis predicts that not only the Ig3 but all 
five Ig-domains mediate homophilic NCAM binding (Ranheim 
96). According to this hypothesis, Igl of one NCAM 
molecule binds to Ig5 of another NCAM molecule, Ig2 binds 

25 Ig4 and Ig3 binds to Ig3 . Thus these two theories of NCAM 
binding are partially overlapping. The present inventors 
and their colleagues have recently proposed that a double 
reciprocal interaction between Igl and Ig2 domains of 
two opposing NCAM molecules may mediate homophilic NCAM 

30 binding (Thomsen et al. (1996), Kiselyov et al . (1997), 
Ronn (1997). Ronn observed an inhibition of aggregation 
of neurones in a culture of hippocampal cells when adding 
small peptides which were previously identified as 
capable of binding to the NCAM Igl domain. An additional 

35 stimulation of neurite outgrowth was also seen. Rsnn 
neither disclosed the sequence of the peptides studies 
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nor suggested an exploitation of his observations in 
medical treatment. In conclusion, the mechanism of 
homophilic NCAM binding is still a matter of debate 
although most researchers in the field favour the 
5 hypothesis of a an reciprocal interaction between all 
five Ig domains or at least between the Ig3 domains of 
two opposing NCAM molecules. 

Antibodies against NCAM , purified NCAM protein and 
10 recombinant NCAM domains have been shown to induce signal 
transduction in certain cells. High concentrations of 
NCAM antibody can induce a transient calcium increase as 
well as a P H change in some but not all neuronal cells 
(Schuch et al 1989). The recombinant NCAM domains Igl and 
15 Ig2 and the combined domains Igl-5 can induce a similar 
transient calcium increase and change in P H in certain 
cells (Frei et al 1992). When used as a substrate or 
expressed by a monolayer of cells, the NCAM protein can 
stimulate neurite extension. The response depends on an 
interaction between the Fnlll domains of NCAM with 
fibroblast growth factor ( FGF ) -receptors (Doherty et al 
1996). In addition, an interaction between the 
cytoplasmic part of NCAM with the tyrosine kinase fyn is 
of importance for neurite outgrowth (Beggs et al 1997). 
25 Also, recombinant NCAM domains immobilised to the 
substratum can stimulate neurite extension, branching of 
neurites or f asciculation of neurites . Thus the Fnlll 
domains of NCAM can increase branching of neurites when 
used as a substratum (Stahlhut et al 1997, Kasper et al 
30 1996). Moreover, the FnllT domains have been reported to 
be the most potent NCAM domains to influence cell 
spreading and neurite outgrowth. Ig 1-5 also influenced 
these processes but less potently than the Fnlll domains 
(Frei et al 1992). In contrast, Igl and Ig2 most potently 
35 promoted cell adhesion and cell migration in this study 
(Frei et al 1992). Frei et al also observed stimulation 
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of neurite outgrowth by the isolated NC AM domains Ig3, 
Ig4, Ig5, FnIII,l and FnIII,2, but not by Igl and Ig2 . A 
sequence located between the Ig5 and the FnIII,l domains 
have been shown to be important for f asciculation of 
b neurites (Pollerberg et al 1993). The Ig5 domain of NCAM 
is of major importance for neurite outgrowth due to the 
presence or absence of the sugar chains polysialic acid 
(PSA) on this domain (Rutishauser et al 1996). Likewise, 
the Ig4 domain is important due to the presence or 

10 absence of the alternatively spliced domain VASE (Doherty 
et al 1992). Synthetic peptides corresponding to the VASE 
sequence have been shown to interfere with NCAM 
stimulated neurite outgrowth (Lahrtz et al 1997). 
Moreover, the NCAM Ig4 domain is presumed to bind another 

L5 cell adhesion molecule, LI, and thereby to influence 
neurite outgrowth (Horstkorte et al 1993). In contrast to 
the effect of immobilised reagents, NCAM antibodies or 
recombinant domains inhibit neurite outgrowth when added 
in solution. Peptides corresponding to the presumed 

20 homophilic binding site in Ig3 or mutations in this 
sequence in the Ig3 domain have been shown to inhibit 
neurite outgrowth stimulated by NCAM (Sandig et al 1994). 

However, an antibody against NCAM has recently been shown 
25 to stimulate neurite outgrowth (US patent no. 5667978). 
This antibody recognises the Ig3 domain of NCAM. All NCAM 
domains have moreover been shown to influence 
proliferation of glial cells, neuroblastoma cells and 
fibroblasts, the Ig3 domain being the most potent. This 
30 function has been shown to require interaction with MAP 
kinase activity (Krushel 1998). It has been shown that 
various inhibitory ligands of the NCAM Ig3 domain, 
including small peptides corresponding to parts of the 
Ig3 domain sequence, can inhibit glial proliferation (WO 
35 96/18103). 




10 



15 



20 



25 



30 



These data suggest, that the NCAM protein or NCAM ligands 
could potentially influence functions of the nervous 
system and other tissues. Inhibiting glial proliferation 
woul d potentially be beneficial in 

conditions (WO 96/18103, US 5 625 040, US 5 667 978). 
Alternatively, if NCAM functions, particularly the 
induction of neurite outgrowth, could be stimulated, a 
beneficial effect on brain function would be possible. A 
stimulation of certain in vitro NCAM functions has been 
described for an antibody against NCAM lg3 (US 5 66 
978). However, no small ligands of NCAM with significant 
stimulatory effect on NCAM functions has been deserved. 
Moreover, it is not evident to which NCAM domain such a 
lig and should be targeted. Most evidence points at the 
NCAM Ig3 domain as the crucial domain for homophxlxc 
binding while the cytoplasmic part of NCAM together with 
the FnlH domains are presumed to be most important for 
interactions with signalling molecules. 

in the Ph.D. thesis NCAM and Neural Plasticity (R*nn 
1997), the role of NCAM in neural plasticity was studied 
Different assays (test systems), including aggregation of 
neural cells, neurite extension and long-term 
potentiation (LTP) were used to study how the role or 
effect of NCAM was influenced by NCAM antibodies, NCAM 
fusion proteins and other NCAM ligands. Presumed NCAM 
ligands selected from a random peptide library were 
studied. The peptides were found to be able to bind Igl. 
One specific peptide, which is not characterised further 
in the thesis, was shown to inhibit aggregation of neural 
cells and to stimulate neurite outgrowth. It is concluded 
that such ligands might be a valuable tool in the 
continued attests to clarify the role of NCAM in the 
developing nervous system as well as in synaptic 
plasticity. A possible medical use of the investigated 
peptides is neither an object of the thesis nor suggested 
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therein. Furthermore, the thesis does not disclose the 
sequences of the investigated peptides. 

US 5 625 040 relates to chondroitin sulphate proteoglycan 
5 (Phosphacan) and its use in enhancing regeneration of 
nerves by binding to NCAM. The Phosphacan sequence is 
1616 amino acid residues long. Recombinant Phosphacan was 
obtained by cloning the encoding gene in a suitable 
vector. The gene was isolated using primers chosen in 
10 accordance with the identified amino acid sequences of 
some proteolytic fragments of Phosphacan. None of the 
fragments was suggested to possess a biological effect 
per se. 

15 A stimulatory effect on the potential for neurite 
extension may be expected to have a beneficial effect in 
functions of the nervous system requiring plasticity of 
connections between nerve cells. Such functions include 
learning and memory and regeneration. It is therefore of 

20 considerable interest to identify substances with the 
capability to influence NCAM mediated signalling. 

SUMMARY OF THE INVENTION 

25 In accordance with the present invention, novel compounds 
are provided, which promote extension of neurites in the 
central and peripheral nervous system. 

More specifically, the invention concerns compounds which 
30 bind to the NCAM Igl domain and are capable of 
stimulating neurite outgrowth from and/or proliferation 
of NCAM presenting cells. These compounds include the 
group comprising the NCAM Ig2 polypeptide and fragments 
and mimics thereof. Such compounds may be composed of 
35 natural occurring as v/ell as synthetic amino acids, 
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peptide nucleic acids (PNA) monomers and/or 
peptidomimetics . 

In particular, the compound may be a peptide which binds 
5 to the 1st domain of NCAM (NCAM Igl) through a binding 
motif which comprises at least 2 basic amino acid 
residues, preferably at least 2 basic amino acid residues 
within a sequence of 10 amino acid residues and more 
preferably at least 2 basic amino acid residues within a 
10 sequence of 3 amino acid residues. 

Interesting peptides comprise the sequence: 
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(Xaa + ) m -(Xaa)p-(Xaa + )-(Xaa 1 ) r -(Xaa + )-(Xaa) q -(Xaa + ) n , 



wherein Xaa + is a basic amino acid residue, 
Xaa 1 is any amino acid residue, 
Xaa is any amino acid residue, and 
20 m,n,p,q and r independently are 0 or 1, 

and wherein the basic amino acid residues preferably are 
lysine or arginine and r preferably is 1. 



The nature of the amino acid residues Xaa and Xaa 1 does 
not seem to be important. It appears that they may be any 
amino acid residue. However, Xaa 1 is preferably proline 
(P) or glutamic acid (E) . 

in even more preferred peptides r is 1 and at least one 
of m and n is 1. 



Preferred peptides of the invention comprise the sequence 
(K/R)o-l-K/R-X-K/R) , wherein X has the same meaning as 
35 Xaa 1 , suitably the sequence K/R-K/R-X-K/R or K/R-X-K/R, 
more suitably the sequence K/R-P-K/R, K/R-K/R-P-K/R, 
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K/R-K/R-E-K/R or K/R-K/R-E-K/R most suitably the sequence 
K-P-K, K-K-P-K, K-K-E-K or K-K-E-R . Examples are the 
sequences A-S -K-K-P -K-R-N- I -K-A (SEQ ID NO : 1 ) , A-K-K-E-R- 
Q-R-K-D-T-Q (SEQ ID NO : 2 ) , and A-R- A-L-N-W-G- A-K- P-K (SEQ 
5 ID NO: 3 ) - 

The abbreviations of the amino acids follow the normal 
three and one letter codes: alanine ( Al a , A ) , arginine 
(Arg,R), asparagine (Asn,N), aspartic acid (Asp,D), 

10 cysteine (Cys,C), glutamic acid ( Glu , E ) , glutamine 
(Gln,Q), glycine ( Gly , G ) , histidine (His,H), Isoleucine 
(He, I), leucine (Leu,L), lysine (Lys,K), methionine 
(Met,M), phenylalanine (Fhe,F), proline (Pro,P), serine 
(Ser,S), threonine (Thr,T), tryptophan (Trp,W), tyrosine 

15 (Tyr,Y) and valine (Val,V). 

In the present context, the term amino acid is intended 
to comprise naturally occurring amino acids as well as 
non-natural occurring amino acids. Non-natural occurring 
20 amino acids are i.a. modified naturally occurring amino 
acids . 

The peptides may be modified, for example by acetylation. 

25 The invention also concerns compounds which are anti-NCAM 
Igl antibodies, which mimic the binding of the NCAM Ig2 
domain to the Igl domain. Such non-peptide molecules are 
e.g. PNAs or pept idomimet ics . Examples of pept idomimet ics 
are given in Marshall, G.R., Tetrahedron 49, 3547-3558 

30 (1993), and include ol igo ( N-subs ti tu ted glycines), 
oligocarbamates , oligosulphones and ol igosu 1 f oxides . 

The invention further concerns compounds which are non- 
peptide molecules, which mimic the binding of the NCAM 
35 Ig2 domain to the Igl domain. 
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The invention even further concerns the NCAM ,2 
polypeptide, fragments or mimics thereof for use in he 
treatment of norma!, degenerated or damaged NCAM 
presenting cells, said treatment consisting of 
relating neurite outgrowth fro. and/or proliferation 
of NCAM presenting cells. 

T he treatment may be a treatment of diseases and 
conditions of the central and peripheral nervous sy tern. 

^^anc The treatment may also oe 
the muscles or various organs. Tne 

a stimulation of learning and memory. 

In the present context, the term conditions is fended 
to cover any condition in need of treatment, whatever the 
need is in connection with a damage, disease or 
disease or in connection with a stimulation and/or 
improvement of normal conditions. 

= use of the NCAM Ig2 

20 The invention also concerns the ol 

polypeptide or fragments or mimics thereof xn the 
puxyF ^ c frpfltment of normal, 

manufacture of a medicament for the treatment 

degenerated or damaged NCAM presenting cells. 

further concerns pharmaceutical 
or The invention turtner 

„ r more of the compounds 
compositions comprising one or more 

according to the invention. 

further, the invention concerns a method of "eating 
normal, degenerated or damaged »CM presenting 11. 
which method comprises administration of .r ' 
amount of one or more of the compounds according to 

invention. 

35 The treatment may be a treatment of diseases or 
conditions of the central and peripheral nervous system, 
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such as postoperative nerve damage, traumatic nerve 
damage, impaired myelination of nerve fibers, 
postischaemic , e.g. resulting from a stroke, Parkinsons 
disease, Alzheimers disease, dementias such as 
5 multiinfarct dementia, sclerosis, nerve degeneration 
associated with diabetes mellitus, disorders affecting 
the circadian clock or neuro-muscu 1 a r transmission, and 
schizophrenia; of diseases or conditions of the muscles 
including conditions with impaired function of neuro- 

10 muscular connections, such as genetic or traumatic 
atrophic muscle disorders; of diseases or conditions of 
various organs, such as degenerative conditions of the 
gonads, of the pancreas such as diabetes mellitus type I 
and II, of the kidney such as nephrosis or of the heart, 

15 liver or bowel. The treatment may also be a stimulation 
of the ability to learn and/or of the memory. 

The invention also concerns a prosthetic nerve guide, 
which guide comprises one or more of the compounds 
20 according to the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 shows the different forms of the neural cell 
25 adhesion molecule, NCAM . A) The main forms of NCAM all 
have similar extracellular parts consisting of five 
immunoglobulin-domains (Ig-domains) and two Fibronectin 
type Ill-domains ( Fnl I I-domains ) . Three trans -membrane or 
membrane attached forms (NCAM-120, -140 and -180) are 
30 generated by alternative splicing. In addition, various 
soluble NCAM forms ( NCAMs ) exist. B) Individual NCAM- 
domains are numbered from the N-terminal (NH2), the most 
N-terminal domain being termed NCAM Igl, An important 
alternatively spliced exon is the VASE exon that can be 
35 inserted in the region encoding the Ig4 domain of NCAM. 
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The Ig5 domain can be glycosylated with polysialic acid 
(PSA). ;: = 

Fig 2 shows an identification of bead-coupled peptides 
5 binding NCAM domains. A) Libraries of bead-coupled 

decapeptides are incubated with the recombinant NCAM Igl 

domain. Beads that bind NCAM Igl are visualised by a 
staining reaction. Stained beads are isolated and 

m icrosequenced (Example 3 and 4). B) After evaluation of 
10 binding sequences, peptides corresponding to these 
sequences are synthesised as monomers, dendrimers (4- 
merS ) or BSA-cou P led 20-mers (Example 5). C) Structure of 
peptide dendrimers. Four peptxde-monomers (peptxde) are 
coupled to a backbone consisting of three lysines. 

Fig . 3 shows single hi PP ocampal cells (Example 7 (2)) 

. . =h«?pnce fAl or presence (B) of C3d 

maintained xn the aDsence ^ r 

(5.4*10~ 7 M) . 

20 Fig. 4 shows the peptide-sequences identified from 
combinatorial peptide libraries. A) 22 sequences 

identified from screening a combinatorial library with 
NCAM igl- B ) Peptides from A) comprising parts of the 
motif K/R-K/R-P-K/R-N/S emphasised in bold. The 

25 peptide is underlined. C) Peptides comprising parts of 
the motif K/R-K/R-E-K/R-X-K/R-K/R emphasised in bold. The 
D3 peptide is underlined. D) Peptides containing the 
motif G-X-K/R-P-K/R emphasised in bold. The D4 peptxde xs 
underlined . 
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Fig 5 shows the number of aggregates of primary 
hippocampal neurones formed after 24 h in culture in the 
presence of C3 dendrimer in concentrations of 1.07 uM and 
2 15 uM (Example 7). The observed increase in the number 
of aggregates formed reflects an inhibition of the 



aggregation-process 
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as an 



Fig. 6 shows the number of neuronal processes from 
primary hippocampal neurones formed after 24 h in culture 
in the presence of C3 dendrimer in concentrations of 1-07 
5 mM and 2.15 uM (Example 7). 

Fig. 7 gives a summary of the NCAM Igl binding peptides' 
and their effect on neur i te-ou tgrowth and aggregation in 
cell cultures of primary hippocampal neurones. Effect on 

10 neurite-outgrowth is measured in cultures of dissociated 
neurones as described in example 7 (2). For neur, 0 
indicates no effect, + indicates stimulatory effect, ++ 
indicates strong stimulatory effect on neurite outgrowth. 
For agg, 0 indicates no effect, - indicates inhibitory 

15 effect, — indicates strong inhibitory effect 
aggregation, the inhibitory effect being reflected 
increased number of aggregates formed. The peptide names 
and/or numbers correspond to peptides of the sequences 
indicated in the figure. The peptides are all tested as 

2 0 dendrimers . 

Fig. 8 shows the effect of C3 dendrimer on neurite 
outgrowth in cocultures of neurones and fibroblasts 
(Example 7). Primary hippocampal neurones were grown on 

25 monolayers of fibroblasts with (LBN) or without ( LVN ) 
NC/VM-140 expression. Neurite-outgrowth was increased on 
LBN fibroblast-monolayers compared to LVN fibroblast 
monolayers. This increase was inhibited by C3d in 0.54 or 
5.4 uM. On LVN monolayers, C3d stimulated neurite out- 

30 growth. 

Fig. 9 shows the effect of D3 and D4 dendrimers on 
neurite outgrowth from primary hippocampal neurones in 
the indicated doses in jiM, 
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Fig. 10 shows the effect of C3 peptide dendrimer on 
neurite outgrowth from primary hippocampal neurones in 
the indicated doses in uM. Neurite outgrowth is measured 
as the mean length of the longest neurite (axon 
length ). Primary hippocampal neurones from E18 rats were 
maintained for 21 h on fibronectin. 

Fig. 11. shows neurite outgrowth measured from neurones 
maintained on plastic. Effect of C3d and control peptides 
(see Fig 7) on neurite outgrowth in a concentration of 
0.54 uM. 



Fig. 12 shows the effect of various inhibitors of signal 
transduction on neurite outgrowth from primary 
15 hippocampal neurones maintained on fibronectin stimulated 
by C3d (0.54 uM, see Example 7 2). Ver: verapamil (10 
uM), Cono: omega-conotoxin GVIA (0.27 |.uM) , ploopl: NCAM 
Igl prepared in Pichia pastoris as described in example 
1, 0.54 uM. 

20 

Fig. 13 shows the effect of various inhibitors of signal 
transduction on neurite outgrowth from primary 
hippocampal neurones maintained on fibronectin stimulated 
by C3d (0.54 uM, see Example 7). Erb: erbstatin analogue 
25 (0.2 uM), Pertus: Pertussis toxin (1 ug/ml), CHD: peptide 
corresponding to CAM homology domain in FGF-R (175 or 350 
uM) 



Fig. 14 shows the effect of NCAM Ig2, prepared in Pichia 
pastoris as described in example 2, on neurite outgrowth 
from primary hippocampal neurones maintained on 
fibronectin. NCAM Ig2 was added in the indicated 
concentrations in ug/ml (1 ug/ml corresponds to 0.1 uM) . 
Neurite outgrowth is measured as the mean length of the 
35 longest neurite ( axon length ) . 
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Fig. 15 shows the effect of C3d and NCAM Ig2 added 
combination on neurite outgrowth from primary hippocampal 
neurones maintained on fibronectin. 

Fig. 16 shows the effect of C3d in the indicated 
concentrations in uM on proliferation of primary 
hippocampal neurones measured as incorporation of BrdU as 
described in example 8. 

Fig. 17 shows the predicted amino acid sequence of human 
NCAM, 140 KD isoform precursor (SWISS-PROT: locus NCA1- 
HUMAN, accession no. P13591). 

DETAILED DESCRIPTION OF THE INVENTION 



In the nervous system, the ability to remodel connections 
between nerve cells is of major importance in the 
regeneration and well as in learning. Therefore, it is of 
considerable interest to identify substances that promote 

20 such processes. Much effort has been concentrated on 
identifying substances that stimulate neuronal survival 
and neuritic outgrowth in vitro as such substances will 
be expected to possess a potential to stimulate 
regeneration and learning. The neural cell adhesion 

25 molecule (NCAM) is believed to be important for the 
development and remodelling of neuronal connections and 
it is therefore of interest to identify ligands capable 
of stimulating NCAM- functions . It has previously been 
shown that antibodies against the Ig3 domain of NCAM can 

30 stimulate neurite . outgrowth . 

The present invention is based on the surprising finding 
that the NCAM Ig2 domain strongly stimulates the 
outgrowth of neurites from NCAM presenting cells. Thus, 
35 it has been found that NCAM Ig2 is a ligand of the NCAM 
Igl domain. It has further been found that the NCAM Ig2 
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domain stimulates neurite outgrowth by activation of 
specific signal transduction pathways. The inventors have 
also identified small peptides which stimulate neurite 
outgrowth. Active peptides selected from a peptide 
library have been identified, and a putative motif 
comprising two or more basic amino acid residues has been 
identified. The peptides have been shown to stimulate the 
same specific signal transduction pathways as the NCAM 
Ig2 domain. The results show that ligands of NCAM Igl, 
either the NCAM Ig2 domain or small functional mimics 
hereof, which are capable of activating specific 
signalling pathways, can promote neurite outgrowth and 
thereby be of benefit in regeneration and learning. Other 
functional mimics of the NCAM Ig2 domain, such as 
antibodies and non-peptide molecules may be beneficial in 
the same way. Therefore, the present invention provides 
compounds and compositions which are or comprise small 
peptides, polypeptides, antibodies and non-peptide 
molecules recognising the NCAM Igl domain. When applied 
20 to tissue containing NCAM-expressing cells these 
compounds and compositions will promote NCAM function. 
The compounds and the compositions can be applied to 
promote functions of the nervous system, the muscles and 
any other NCAM-expressing tissues, including various 
25 organs . 

in its broadest aspect, the present invention relates to 
compounds which bind to the NCAM Igl domain and are 
capable of stimulating neurite outgrowth from and/or 
30 proliferation of NCAM presenting cells. Such compounds 
m ay be a peptide or PNA sequence constituting the NCAM 
Ig2 domain, a fragment thereof or a mimic thereof. 

in the present context, a mimic of the Ig2 domain should 
35 be understood to be any compound which binds to the NCAM 
igl domain and through said binding stimulates neurite 
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outgrowth from and/or proliferation of NCAM presenting 
cells. Mimics may be peptides, peptide derivatives, 
antibodies and non-peptide compounds such as small 
organic compounds, sugars and fats, as well as 
5 pept idomimet ics . 

In accordance with the present invention, novel compounds 
are provided, which promote extension of neurites in the 
central and peripheral nervous system. Surprisingly, it 
10 has been found that the compounds of the invention are 
able to promote formation and plasticity of neural 
connections . 

22 peptides which were able to bind to recombinant, 
15 labelled neural cell adhesion compound Igl ( NCAM Igl) in 
vitro have been identified from a peptide library. 

The 22 sequences are ASKKPKRNIKA (SEQ ID NO : 1 ) , 
AKKERQRKDTQ (SEQ ID NO : 2 ) , ARALNWGAKPK (SEQ ID NO : 3 ) , 

20 AGSAVKLKKKA (SEQ ID NO:4), AKYVLIPIRIS (SEQ ID NO : 5 ) , 
ASTKRSMQGI (SEQ ID NO:6), ARRAILM ( Q/T/N ) -AL (SEQ ID 
NO:7), AYYLI VRVNRI (SEQ ID NO : 8 ) , ATNKKTGRRPR (SEQ ID 
NO:9), AKRNGPLINRI (SEQ ID NO: 10), AKRS VQKLDGQ (SEQ ID 
NO: 11), ARQKTMKPRRS (SEQ ID NO: 12), AGDYNPDLDR (SEQ ID 

25 N0:13), ARKTRERKSKD (SEQ ID NO: 14), ASQAKRRKGPR (SEQ ID 
NO: 15), APKLDRMLTKK (SEQ ID NO : 1 6 ) , AKKEKPNKPND (SEQ ID 
NO: 17), AQMGRQSIDRN (SEQ ID NO : 1 8 ) , AEGGKKKKMRA (SEQ ID 
NO: 19), AKKKEQKQRNA (SEQ ID N0:20), AKSRKGNSSLM (SEQ ID 
NO: 21), ARKSRDMTAIK (SEQ ID NO : 2 2 ) . 

30 

Three peptides, C3 (SEQ ID NO : 1 ) , D3 (SEQ ID NO : 2 ) and D4 
(SEQ ID NO:3) (Fig. 4) were further investigated for 
their ability to bind the NCAM Igl domain using plasmon 
surface resonance analysis and selected according to 
35 their ability to inhibit aggregation of neurones and 
stimulate neurita outgrowth. By sequence analysis of 
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these peptides and scrambled peptides, a motif for 
binding to NCAM Igl could surprisingly be identified. The 
motif includes positively charged amino acids in a 
relatively loose sequence-order, K/R (aa) 0 -8 K/R , 
5 preferably K/R (aa, 0 -l K/R, wherein K and R designate 
lysine and arginine respectively and the positively 
charged amino acids are separated by u P to 8 amino acid 
,aa) residues. Preferably, however, the positively 
charged amino acids are adjacent or separated by only one 
10 amino acid residue. 

Analysis of the active peptides isolated from the peptide 
library suggests that the motif may comprise more than 
two positively charged amino acids, for example three or 
15 four basic amino acids. 

Preferred peptides comprise the sequence: 

(Xaa + ) m -(Xaa)p-(Xaa + )-(Xaa 1 , r -(Xaa + )-(Xaa) q (Xaa + )n , 



20 



25 



wherein Xaa + is a basic amino acid residue, 
Xaa 1 is any amino acid residue, 
Xaa is any amino acid residue, and 
m,n, P ,q and r independently are 0 or 1 



and wherein the basic amino acid residues preferably are 
lysine or arginine and r preferably is 1. 

The nature of the amino acid residues Xaa and Xaa 1 does 
30 not seem to be important. It appears that they may be any 
amino acid residue. However, Xaa 1 is preferably proline 
(P) or glutamic acid (E). 

in even more preferred peptides r is 1 and at least one 
35 of m and n is 1 . 
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Preferred peptides of the invention comprise the sequence 
(K/R) o- l-K/R-X-K/R) , wherein X has the meaning of Xaa 1 , 
suitably the sequence K/R-K/R-X-K/R or K/R-X-K/R, more 
5 suitably the sequence K/R-P-K/R, K/R-K/R-P-K/R , K/R-K/R- 
E-K/R or K/R-K/R-E-K/R and most suitably K-P-K , K-K-P-K, 
K-K-E-K or K-K-E-R. Examples are the sequences A-S-K-K-P- 
K-R-N-I-K-A (SEQ ID NO : 1 ) , A-K-K-E-R-Q-R-K-D-T-Q (SEQ ID 
N0:2), and A-R-A- L-N-W-G-A-K-P- K (SEQ ID NO : 3 ) . 

10 

According to the invention, peptides comprising the above 
sequence may be a part (hereinafter called a fragment) of 
the NCAM Ig2 domain or a mimic of the NCAM Ig2 domain. 
Furthermore, the peptides may bind to the Ig2 binding 
15 site of the Igl domain or to a different binding site on 
the Igl domain. If the binding site is not the normal 
Ig2 binding site, the binding will mimic the normal 
binding and result in neurite outgrowth and/or 
proliferation of NCAM presenting cells in the same way. 

20 

It is clear that the peptides of the invention are not 
limited to the decapeptides identified and selected from 
the synthetic peptide library. These peptides only served 
as tools for identifying a motif in peptide ligands 
25 expected to bind to the NCAM Igl domain. 

The peptides may be modified, for example by substitution 
of one or more of the amino acid residues. Both L-amino 
acids and D-amino acids may be used. Other modification 

30 may comprise derivatives such as esters, sugars, etc. 
Examples are methyl and acetyl esters. Polymerisation 
such as repetitive sequences or attachment to various 
carriers well-known in the art, e,g. lysine backbones or 
protein moieties such as bovine serum albumin ( BSA ) is 

35 also an aspect of the invention. 
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The invention also concerns non-peptide mimics of the 
NCAM Ig2 domain or the peptides defined above. In the 
present context, such mimics should be understood to be 
compounds which bind to or in other ways interact with 
the NCAM Igl domain and thereby stimulate neurite 
outgrowth from and/or proliferation of NCAM presenting 
cells . 

In a further aspect, the present invention relates to 
compounds which are anti-NCAM Igl antibodies. The 
antibodies may be monoclonal or polyclonal. Recombinant 
antibodies such as chimeric and/or humanised antibodies 
are also a part of the invention. 

In a further aspect, the present invention relates to the 
NCAM Ig2 polypeptide, a fragment or a mimic thereof for 
use in the treatment of a normal, degenerated or damaged 
NCAM presenting cells. The treatment is a treatment of 
diseases and conditions of the central and peripheral 
nervous system, of the muscles or of various organs. Only 
NCAM presenting cells may respond to such a treatment. 



The invention also relates to a pharmaceutical 
composition and a medicament comprising one or more of 
25 the compounds defined above. 

In yet a further aspect, the present invention relates to 
methods of treating normal, degenerated or damaged NCAM 
presenting cells in vitro or in vivo, the method 
30 involving administering an effective amount of one or 
more compounds as defined above. 

The treatment comprises treatment of diseases or 
conditions of the central and peripheral nervous system, 
35 such as postoperative nerve damage, traumatic nerve 
damage, impaired myelination of nerve fibers, 
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post ischaemic , e.g. resulting from a stroke, Parkinsons 
disease, Alzheiiners disease, dementias such as 
multiinfarct dementia, sclerosis, nerve degeneration 
associated with diabetes mellitus, disorders affecting 
5 the circadian clock or neuro-muscu lar transmission, and 
schizophrenia; of diseases and conditions of the muscles 
including conditions with impaired function of neuro- 
muscular connections, such as genetic or traumatic 
atrophic muscle disorders; and treatment of diseases and 
10 conditions of the organs, such as degenerative conditions 
of the gonads, of the pancreas such as diabetes mellitus 
type I and II, of the kidneys such as nephrosis and of 
the heart, liver and bowel. 



15 Another aspect of the invention is the use of the 
compounds according to the invention in combination with 
a prosthetic nerve guide. 

Yet another aspect of the invention is the use of the 
20 compounds according to the invention in the stimulation 
of the ability to learn and/or of the memory. 



To be able to identify candidate ligands capable of 
stimulating NCAM function, the inventors have established 

25 a simple culture system (aggregate cultures) that permits 
a quantitative evaluation of the effect of various 
ligands. Hippocampal cells are provided from rat embryos. 
The cells are grown in a defined medium and dissociated 
cells are seeded in microtiter plates. After 24 h, the 

30 amount of aggregates are counted. Compounds to be tested 
are added to the cell suspension immediately before 
seeding of cells in the microwells. When NCAM Igl binding 
ligands are present during the aggregation of cells, 
smaller, but more numerous cell aggregates are seen when 

35 quantified 24 h after seeding of cells. The inhibiting 
effect of the ligands results in a blockage of the 
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formation of large aggregates from many small aggregates 
as the adhesion properties of NCAM are blocked. Thus 
small, but more numerous cell aggregates are seen in the 
presence of active ligands. 

5 

The system allows the examination of cell adhesion, cell 
migration and formation of processes in the treated cells 
leading to possibly neurite outgrowth. To investigate the 
latter further, neurite extension from single neurones 

10 may be studied. Cells are prepared as in the aggregation 
study and seeded on a substrate of plastic or 
fibronectin. The cells are then maintained for a suitable 
time, whereafter the neurite outgrowth is analysed by a 
measurement of the neurite extension, for example by a 

15 computer-assisted image analysis program. The mean length 
of the longest neurite of each cell was measured for 
neurites longer than 10 uM(see Figure 2). In addition, 
the mean number of branchpoints per neurite and the mean 
number of neurites per cell were determined. NCAM Igl 

20 ligands to be tested are added immediately before seeding 
the cells. 

To investigate the mechanisms of the neuritogene effect, 
one of the ligands, C3 (SEQ ID NOsl) was added in 

25 combination with various compounds known to inhibit NCAM 
dependent signalling. The following compounds were found 
to inhibit the stimulatory effect of C3 on neurite 
extension: verapamil (ve inhibitor of L-type voltage 
dependent calcium channels), omega-conotoxin GVIA (co 

30 inhibitor of N-type voltage dependent calcium channels), 
pertussis toxin (pertus inhibitor of certain G- 
proteins), an erbstatin analogue (erb; inhibitor of 
certain tyrosine kinases), antibody to an acidbox epitope 
in fibroblast growth factor receptors ( FGF-Rs ) (inhibitor 

35 of NCAM-FGF-R binding and signalling), a peptide 
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corresponding to the so-called CAM homology domain (CHD) 
(inhibitor of NCAM-FGF-R binding and signalling). 

In addition, the neuritogenic effect of C3 was completely 
5 abrogated by the NCAM Igl domain in solution. These 
results show that the ligands such as C3 stimulate 
neurite outgrowth by binding to the NCAM Igl domain and 
thereby activating signalling pathways in the neurone 
that are sensitive to the above mentioned inhibitor- 
10 compounds . 

The endogenous ligand of NCAM Igl, NCAM Ig2 was tested 
for its effect on neurite outgrowth from primary 
hippocampal neurones maintained on a substrate of 

15 fibronectin. NCAM Ig2 was added to the culture-wells 
immediately before seeding of cells. It is found that 
NCAM Ig2 stimulates neurite outgrowth similar to the C3 
peptide. The maximal neuritogenic effect of NCAM Ig2 was 
found at the same concentration at which the C3 peptide 

20 had its maximal neuritogenic effect. 

When the NCAM Ig2 domain was tested in combination with 
compounds known to inhibit NCAM dependent signalling as 
described for C3 above, the neuritogenic effect was 
25 inhibited in the same way. It thus appears that the 
endogenous ligand NCAM Ig2 and the artificial ligand C3 
both bind to NCAM Igl and that both NCAM Ig2 and C3 
stimulate neurite extension, which is believed to be due 
to activation of identical signal transduction pathways. 

30 

NCAM Ig2 and C3 were also tested for their effect on 
neurite outgrowth when added in combination. The effects 
were found to be non-additive. The results further 
indicate that NCAM Ig2 and C3 stimulate neurite extension 
35 by identical mechanisms. They both bind to the NCAM Igl 
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domain and thereby activate identical signalling pathways 
leading to neurite outgrowth. 

Putative artificial ligands may be selected and 
identified from peptide or non-peptide libraries. Any 
peptide library may be used. Synthetic peptide libraries 
as well as libraries containing fragmented natural 
occurring proteins, may be used in the search for useful 
peptides. Any kind of libraries comprising non-peptide 
compounds may similarly be used. 



Peptides are short molecules consisting of amino acids in 
a linear sequence. Amino acids are the building blocks of 
naturally occurring proteins which consist of long folded 
15 chains of amino acids. Thus, peptides characterised by a 
certain sequence of amino acids may mimic a certain area 
of a protein. Naturally occurring proteins consist of L- 
amino acid residues. However, artificial peptides may 
also consist of or comprise D-amino acid residues. By 
combinatorial chemistry, mixtures of beads carrying 
peptides of equal length can be constructed, in which 
each bead carries peptides of a unique sequence (Lam et 
al., 1991). Such a mixture of peptides on beads is called 
a peptide library. 



in the present invention, peptides were identified by 
screening synthetic random peptide libraries comprising 
resin-bound decapeptides with purified recombinant NCAM 
Igl. The synthesis of the resin-bound one-bead one-peptide 
30 library was performed . using the portioning, mix procedure 
(Furka, A., Sebestyyen, F. \ Asgedom, M. And Dib6, G. (1991) 
int J. Pep. Prot. Res. 37, 487-493). Polyethylene syringes 
served as reaction vessels throughout the synthesis. 
Screenings were done by incubating the resin with 
35 biotinylated NCAM Igl. Subsequently the resin was incubated 
with avidin-alkaline phosphatase. The substrates BCIP/NBT 
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(Sigma) were added as described by the procedure by Lam et 
al. (1992) and stained beads removed for micro sequencing. 

The most intensely stained beads were selected under stereo 
5 microscope and sequenced on an ABI 470A equipped with an 
ABI 120A HPLC . 22 NCAM Igl binding peptide sequences 
were identified (FIG. 4(A); SEQ ID NO : 1 to SEQ ID NO:22). 

It is to be understood that the method chosen for 
10 identification and selection of interesting peptides is 
not critical for the identification a putative motif. 

Peptide sequences to be synthesised were chosen by aligning 
the obtained sequences and examining these for repeated 
15 patterns revealing putative motifs (FIG 4(B)-(D)). 

The three peptides called C3, D3 and D4 (FIG 4(B)-(D)) 
were synthesised and their binding to the NCAM Igl domain 
evaluated by plasmon surface resonance analysis. When 

20 immobilised on a sensor chip, peptide dendrimers (4 
peptides linked to a lysine backbone (Fig. 2(C)) were used 
in order to secure an exposure of at least one peptide for 
binding to NCAM Ig 1 in solution. All three peptides bound 
the NCAM-Igl in solution. The three peptides were further 

25 tested for their effect on neurite outgrowth. All three 
peptides strongly stimulated neurite outgrowth. Moreover, 
the peptides inhibited aggregation of cells. 

To investigate which properties of the peptides are 
30 important for the effect, various control-pept ides of the 
C3-sequence were constructed and tested. 

To investigate the role of the individual residues in the 
C3-sequence, so-called scrambled peptides, comprising the 
35 same residues as C3 but in a different sequence, were 
constructed (121, 114 and C3scr in Fig. 7). Similarly, 
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scrambled peptides corresponding to the residues in the 
D3 and D4 sequences were constructed (scrambled D3 and 
scrambled D4 in Fig. 7). Furthermore, peptides containing 
the C3-sequence in which basic amino acids (Ks and Rs ) 
were substituted with alanines were constructed (116 - 
119 in Fig. 7) to explore the role of these particular 
amino acids. Likewise, a peptide corresponding to the C3- 
sequence in which the prol ine-residue (Xaa 1 ) was 
substituted with an alanine was constructed, as prolines 
are generally considered important for the structure of 
peptides. Substituting the proline with an alanine does 
not change the effect. Likewise, one basic amino acid 
could be alanine substituted without a change in effect. 
In contrast, peptides with two to four alanine 
15 substitutions of the basic residues had no effect on 
aggregation indicating that these residues are important 
for the effect of C3 . To further investigate the role of 
the basic amino acid residues in C3, a peptide containing 
the C3-sequence in which the basic amino acids were 
20 modified by acetylation was constructed. The acetylation 
removes the charges from these residues while preserving 
the ability to form hydrogen bonds. A peptide in which 
four basic amino acids were modified by acetylation 
( C3dacetyl. K(120) in Fig. 7) inhibited aggregation as C3 
25 indicating that not only the charges but also other 
properties of the basic amino acids such as the ability 
to form hydrogen bonds must be important for the effect 
of C3. Similar aggregate cultures were prepared in the 
presence of C3 as monomer, dendrimer (C3d) or as BSA- 
30 coupled 20-raer. Different forms of the C3 peptide were 
tested. It was found that monomeric, dendrimeric and BSA- 
coupled forms of C3 have similar effects on aggregation. 
The dendrimer of the C3 sequence is the most potent form, 
presumably due to the ability to link several of the 
35 receptor domains. To verify that the receptor is in fact 
the NCAM Igl domain, the cells were incubated with this 
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domain prepared in Pichia pastoris in solution as 
described in Example 1. The presence of the NCAM Igl 
domain abrogated the effect of C3 demonstrating an 
interference with NCAM-mediated cell adhesion of C3 . 
5 These experiments show that the here identified NCAM Igl 
binding peptides influence NCAM mediated cell adhesion 
and thereby increase the number of cell aggregates and 
neuronal processes formed in cultures of primary neurones 
grown at high densities. 

10 

The substitution of only two basic amino acids in the 
sequence of the C3 peptide completely abolished the 
neuritogenic effect. Thus, when two to four lysines and 
arginines in the sequence were substituted by alanines, 

15 the neurite stimulatory effect was completely abrogated. 
This shows that the basic amino acids in the C3 sequence 
are crucial for its effect. Surprisingly, peptides in 
which the same amino acids were modified by acetylation 
have some effect on cell adhesion and neurite outgrowth, 

20 although not to the same extent as the intact C3 peptide, 
showing that not only the charges but also other 
properties of the basic amino acids, such as the ability 
to form hydrogen bonds, are of importance. In addition, 
the effect of the intact peptide can be blocked by 

25 equimolar concentrations of the NCAM Igl domain in 
solution. This shows that the peptide works by binding to 
the NCAM Igl domain expressed by neurones. 

The effect of the ligands on proliferation and cell 
30 growth was also tested. The C3 peptide was found to 
initially stimulate proliferation and cell growth. After 
this initial promotion of proliferation, the peptides 
stimulate differentiation by increasing neurite outgrowth 
and at the same time suppressing proliferation. Thus the 
35 net effect on proliferation depends on the growth status 
of the cells. An effect on proliferation has been shown 
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for primary cell cultures from the hippocampus cells and 
cultures of rat pheochromocytoma cell line PC12 cells. 
Accordingly, the ligands stimulate neurite outgrowth from 
and/or proliferation of NCAM presenting cells. 

In particular, the compound of the invention may be a 
peptide which binds to the NCAM Igl domain through a 
binding motif which comprises at least 2 basic amino acid 
residues. Peptides comprising at least 2 basic amino acid 
residues within a sequence of 10 amino acid residues, 
suitably within a sequence of 3 amino acid residues, are 
believed to be very interesting compounds for the purpose 
of the present invention. 

The analysis of the isolated peptide ligands revealed 
that the ligands may advantageously comprise more than 
two basic amino acids. 



In acco 
20 sequence 



rdance herewith, interesting peptides comprise the 



(Xaa + ) m -(Xaa)p-(Xaa + )-(Xaa 1 ) r -(Xaa h )-(Xaa)q-(Xaa + ) n 



wherein 

25 Xaa + is a basic amino acid residue, 
Xaa 1 is any amino acid residue, 
Xaa is any amino acid residue, and 
m,n,p,q and r independently are 0 or 1 



The basic amino acid residues are preferably selected 
from lysine (K) and arginine (R) and r is preferably 1. 

The nature of the amino acid residues Xaa and Xaa 1 does 
not seem to be important. It appears that they may be any 
amino acid residue. However, Xaa 1 is preferably proline 
P) or glutamic acid (E) . 
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In even more preferred peptides r is 1 and at least one 
of m and nisi. 

5 Preferred peptides of the invention comprise the sequence 
(K/R) o-l-K/R-X-K/R) , wherein X has the meaning Xaa 1 , 
suitably the sequence K/R-K/ R-X-K/ R or K/R-X-K/R, more 
suitably the sequence K/R-P-K/R, K/R-K/R-P-K/R , K/R-K/R- 
E-K/R or K/R-K/ R-E-K/R, even more suitable K-P-K, K-K-P- 
10 K, K-K-E-K or K-K-E-R and most suitable the sequences A- 
S-K-K-P-K-R-N-I-K-A (SEQ ID NO : 1 ) , A-K-K-E-R-Q-R-K-D-T-Q 
(SEQ ID NO:2), or A-R-A-L-N-W-G-A-K-P-K (SEQ ID NO:3). 

It may be speculated that the reason why the distance 
15 between the basic amino acid residues is a variable 
factor in the deduced motif, is that one of the important 
properties of the ligand may be the exposure of a cluster 
of basic amino acid residues, i.e. an epitope comprising 
basic amino acids residues. Such a cluster may be created 
20 by a sequence of closely linked basic amino acids or 
alternatively through pep tide/protein folding. 

Advantageously, the basic amino acid residues may be 
exposed on the surface of a carrier. Particularly, 
multimeric peptides such as dendrimers may form 
25 conformational determinants or clusters due to the 
presence of multiple flexible peptide monomers. 

As discussed above, the analysis of the active peptides 
isolated from the peptide library suggests that the motif 

30 may comprise more than two positively charged amino 
acids, for example three or four basic amino acids. The 
strength of the binding and of the resulting downstream 
signal probably depend upon the number and/or the 
position of the basic amino acids in the peptide, 

35 resulting in clusters of variable functional strength. 
The position of other amino acids in the peptide may be 
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of importance, especially in the case of peptide folding. 
The variable strength of the cluster may result in 
variable binding constants and thus in variable strength 
in signalling. 

Without wishing to be bound by a certain theory, the 
inventors believe that active ligands to the NCAM Igl 
domain are ligands which bind to the NCAM Igl domain and 
thus trigger a conformational change of the domain 
resulting in a signalling cascade being initiated, which 
signalling influences proliferation of cells and/or 
neurite outgrowth. Thus, a suitable ligand may be any 
compound which can trigger a conformational change of the 
NCAM IG1 domain, resulting in a downstream signalling. 

Very interesting peptides are those which correspond to a 
part of the NCAM Ig2 domain, are a mimic or fragment of 
the NCAM Ig2 domain. 

20 The peptides may bind to the Ig2 binding site on the NCAM 
igl domain or to a binding site different from the NCAM 
Ig2 binding site. It is believed that the ligands C3, D3 
and D4 bind to a site different from the binding site of 
NCAM Ig2 or fragments thereof. 



Other compounds which are interesting compounds for the 
purposes of the present invention are non-peptide 
molecules mimicking the binding of the NCAM Ig2 domain or 
the artificial ligands. Such other compounds may be 
selected from small organic compounds, sugars and lipids, 
as well as peptidomimetics , peptoides and peptomers . 



Libraries of small organic compounds may be screened to 
identify artificial ligands of the NCAM Igl domain, which 
35 ligands may stimulate NCAM activity. Such libraries or 
their construction are commonly known and the screening 
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for useful ligands may follow the methods for screening 
disclosed in this paper, or in ways obv ious to the 
skilled person . 



5 Such other compound may also be an anti-NCAM Igl antibody 
(monoclonal, polyclonal or recombinant), which antibody 
further may be chimeric or humanised. The production of 
polyclonal as well as monoclonal anti-NCAM Igl antibodies 
may follow common known procedures. Mice or rabbits may 

10 serve as the primary immunisation forum, in which 
antibodies to NCAM Igl are raised. Purified polyclonal 
antibodies may be used without any further treatment. 
Alternatively, monoclonal antibodies may be produced. 
Methods of producing monoclonal antibodies are common in 

15 the art. Recombinant antibodies such as chimeric and 
humanised antibodies may also be obtained by methods 
common in the art. Possible active antibodies are then 
screened according to the methods disclosed above or in 
s imi lar ways . 

20 

Substances with the potential to promote neurite 
outgrowth as well as survival and proliferation of 
neuronal cells such as certain endogenous trophic factors 
are prime targets in the search for compounds that 

25 facilitate neuronal regeneration and other forms of 
neuronal plasticity (Fu and Gordon, 1997). Peripheral 
nerves possess a potential to regenerate and re-establish 
functional connections with their targets after various 
injuries. However, functional recovery is rarely complete 

30 and peripheral nerve damage remains a considerable 
problem. In the central nervous system, the potential for 
regeneration is very limited. Therefore, the 
identification of substances with the ability to promote 
functional regeneration in the peripheral and the central 

35 nervous system is of great interest. To evaluate the 
potential of a substance to promote regeneration, the 
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ability to stimulate neurite outgrowth and proliferation 
and survival of neuronal cells may be investigated. The 
NCAM Igl binding compounds of the present invention are 
shown to promote neurite outgrowth and to affect neuronal 
proliferation and are therefore most likely good 
promoters of regeneration of neuronal connections and 
thereby of functional recovery after damages as well as 
promoters of neuronal function in other conditions where 
such an effect is required. 



Accordingly, the present invention relates to the NCAM 
Ig2 domain, a fragment or a mimic thereof for use in the 
treatment of a normal, degenerated or damaged NCAM 
presenting cell. In particular, the invention relates to 
15 the NCAM Ig2 domain, a fragment or a mimic thereof for 
use in the treatment of normal, degenerated or damaged 
NCAM presenting cells, which treatment consists of 
stimulating outgrowth from and/or proliferation of the 
NCAM presenting cells. 



The treatment may suitably be a treatment of diseases and 
conditions of the central and peripheral nervous system, 
of the muscles or of various organs such as 

treatment of diseases or conditions of the central and 
peripheral nervous system, such as postoperative nerve 
damage, traumatic nerve damage, impaired myelination of 
nerve fibres, pos t ischaemic , e.g. resulting from a 
stroke, Parkinsons disease, Alzheimers disease, 
dementias such as multiinfarct dementia, sclerosis, nerve 
degeneration associated with diabetes mellitus, disorders 
affecting the circadian clock or neuro-muscular 
transmission, and schizophrenia, 
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treatment of diseases of muscles inciuding condrtrons 
with paired function of neuromuscular connects sue,, 
as genetic or traumatic atrophic muscle disorders, 

5 a treatment of diseases of various organs. such as 
degenerative conditions of the gonads, of the pancreas 

h as diabetes meilitus type I and if. of 
such as nephrosis and of the heart, iiver and bowel, and 

10 treatment or stimuiation of the abiiity to iearn and/or 

of the memory. 

Th e present invention aiso relates to the use of the NCAM 
Ig2 domain. or a fragment of mimic thereof rn he 
15 manufacture of a medicament for the treatment o norm 
generated or damaged ^ presen trng ~» ^ - 
present invention relates to the use o farture 
domain or a fragment of mimic thereof in the manufacture 

h P nt for the treatment of NCAM presenting 
of a medicament tor tn« ^ 
2 C cllls, so as to provide a stimulation of neur.te 
outgrowth from and/or proKf eration of NCA. presents, 
cells . 

.-.f rhP NCAM Iq2 domain, or a 
in particular, the use of the NCAM g 

25 fragment or mimic thereof in the manufacture of. 
medicament for the treatment of NCAM presenting cells 
wh .rein the medicament is for treatment of diseases or 
conditions of the central and peripheral nervous sy< ,t«. 
such as postoperative nerve damage n.^ 
30 damage, impaired myelinate of ner 

postischaemic, e.g. resulting from a stroke, P.rkxn-on. 
disease, Alzheimers disease, dementias such 
Ltiin .ret amentia, sclerosis, nerve deoenera tx on 
associated with diaoetes mellitus, disorders affecting 
the circadian clock or neuromuscular transmission, and 
hiz ophrenia; for treatment of diseases or conditions of 
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o£ neuromuscular connections such treat „ent of 
traumatic atrophic muscle < "^Z^ g .n.. su ch as 

diseases or conditions of van panc reas 

s degenerative conditions o £ the *>*«- °' o ?J kid „. y 

such as diabetes mellitus type . .^1 ^ ^ ^ ^ 

such as nephrosis and of t . « • o£ thQ men , ory . 
stimulation o£ the ability to lear 

lates to a pharmaceutical 
10 The invention also re "J s compounds as 

composition comprising one or more ^ rf t „ e 

de£i „ed above. In part, ula . ^ ^ ^ , gJ 

invention may compr-se » * raimic thBreof . m a 

polypeptide, a fragment or . P£ ^ as 

15 preferred embodiment, the PP pep tides may 

muitimers. e.g. ^ ^l™. -ch as four 

suitably ^/TrTlysino backbone, or coupled to , 
peptides linked to a lystn carri er, such as 

polymer carrier, for e,»»P e . prot. ^ ^ ^ 

20 USA. Such formulates .re 
skilled in the art. 

The invention also concerns a method o« 

degenerated or damaged NCAM presenting « ^ 

25 in 9 vivo. vhich method involves admrn.ster g ^ ^ 

in vivo, an effective amount ° °" ^ de5cribed 

compounds described above or a « J ^ neurite 

„^ t o provide a bU " lu 

above, so as to p ,. fpT ^on of NCAM presenting 

outgrowth from and/or proliferation 
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^ . treatment is 

„ the method of the present invention, t ^ 

preferably an in vivo treatment °*J^\ such a s 

o£ tne central and perrpher.l ™. ^ ^ 

postoperative nerve damage, postiocn aemic , e.g. 

impaired myelination of nerve fibres, post 
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/vlzheimers 

. fr om a stroHe, Parkinsons dero entin, 
resulting from as mul tiinf diabetes 

OCO dementias a = so ciated witn 

' nerve degeneration assoc n clock or 

SClerOS ' borders affecting tne nias o£ 

nvellitus, disc ion , and inC luding 

diseases ° r n . red function 01 atrophic 

-« Cle ^ ."degenerative condyle". o£ ^ • ^ o{ 
organs. » S de9 dlabetes melUtus type 

t he pancreas " , nephrosis and of th ^ 

th e Kidney " ! •"7^, „d U 

to the centra! or P-»P method is ^"^^nds 

in need of treatment, ^ ^ ot the = P 

5 that an elective a^ - ^ , 



or a coropo 
patient . 
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maY also be 
, the invention may 
the method of the regeneration o£ 

Furthermore, the leads to reg . p 

the ^articular 
8UCh ' T he ^pounds .re - P « ^ . pro stheti= 

nerves. The tne tic device such rese nt 

combination with* c aspect th 

nerve auide. Thus, in he tic n.r« « 

relates to r more oi 

lnve ntion rel comprises one eB 

characterised in * h "\ d<s fined above. »« 

compounds or the co.posi 

i n the art. 

es to a method of 

» • — r::r -.r 

— r^-^* ^ ~ ^rrre or .ore of the 

rrd'tt- an . r ^rruu«- - — * 

a* as defined afcov« 
compounds as 



above • 
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a medicament for the 
The invention further ^erne ^ ^ 

tr-at-nt of diseases and condi ^ ^ ^ 

peripheral nervous system, of effective am ount of 

organs, which medicament copses. ^ ^ . 

J e or more of the «=c«POU^ « combinat ion with 

composition as d.£ ^ '^^^ . Such method may 
pharmaceutical^ acceptable ^ percutaneous, 

•^blv be formulated tor pu in,onal 
suitably « intranasal or f 

Brl1 ,. r intracranial, 
intramuscular, 

administration. 

• t the present invention relates 
In yet another embodiment, th. P of learn in g 

to a composition for use i ^ composit ion 

and/or memory in a subD- ^ ^ of thB 

comprises an effective ™ on as de fined above 

compounds defined above or a co P ^ pharmace ut ically 
in combination with one ^ ^ suitably be 

ac ce P table additives. Sue intramuscular, 
formulated for ora , adm inis tration . 

intracranial, intranasal or p 

increased plasticity 
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As appears fro. the -"' J system such as 

beli eved to be beneficial n co „ diU « outside 
learning and regeneration and „„„ £unc tion. 

th e nervous system involving lnventio „ were 

The effect of P^ ideS ct ° £ to th re ; ene „ t ion. i.e. «=»-l 
investigated with respect to ° , _ It „ as 

growth fro m isolated super or <™ „ ot if 

£ound that peptide of <- control pep tide. It 
stimulated outgrowth as compared lnfluence d by 

seem s as if the observed * " is du e to the 

th e dose ^-^«f; r : c ucn pathways by the *C*M 

activating o£ signal " ans <" a beU .sh.ped dose- 
Igl binding compounds — u ltin? „ and 13 ). Thus 

similar bell-shaped dose P 
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f NCAM igl binding compounds on 
, a for the effect of NC AM ly plasticity 
expected for tn r £orms ot pi 

neuronal regeneration and NCAM _ med iated signal 

dependent on "tlv.txon ^ ^ ^ bindi 

transduction pathways. The investigated in vivo by 

compounds on learning could dg in rodents or 

intraventricular inf u.xon of ^ of the earning 

otner animals followed by ex lon . o£ various 

abilities of the animals a.t tionS should be 

»f NCAM igl binding compounds. 13 tra ining 
doses of NCAM xy . rious time points after 

performed before or at y.nou . on certain 

as -n inhibitory effect of NC ^ „ hen such 

forms of learning has ». £ollc) „ing training 

injections were performed .to models for 

(S choley et .1 »»)• " ^\ G1 binding compounds on 
evaluation of the effect °f N C» ^ ^ 

le ,rnin g include P""*" ^. Tne effect of H«M I, 
earning in rodent, or chrcfce asso ciated with 

b i„ding confounds on syn .pt P ^ or ln vivo by 

Warning could be in"."*"" o£ l0 „ g -term 

3 measuring the induct.cn or ^ Jgl blndin g 

potentiation after »PP 11 "^ HCAM _ a „tibodies »R-nn et 



al 1995) • 
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u * np AM igl-binding peptide 
Surprisingly, i* «• ^ \ ^Jd above stimulate 

Uu.no. displaying a -»« - ul „. the C3 peptide 

NCAM mediated signally I» P ^ 

•„„lates HCAM functions inclu y by inducing 

stimulates domain, there y 

interacting with the 
signal transduction. 

, o£ the present invention are 
A ccordingly. the compounds °< ^ cmdMm s , where 

Sieved to have a ^ . mportonce . 

wh ich NCAH functions have been 
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A s mentioned above, „CA» has been found to be expressed 
" severe! tissues and organs. Thus, interference w.th 
in seveia i, nve a beneficial 

NCAM transmembrane signalling may have 
influence in diseases and disorders such as 

5 1} oiseases and conditions of the central and «-^P^ 
nervous system, in which increased potential for 

--^ nlflq ficitv is desirable such as 
regeneration and synaptic plasticity 

. , 1tma Hr nerve damage; 
l0 postoperative nerve damage; t u-- ^ 

disorders characterised by impairs j 
nZl postishemic damage, e.g. resulting fro- - 
rok I. Parkinsons disease; Maimers disease; other 
dement as including multiinf.rct dementia; 
dementias nni - te > d with diabetes mellxtus; 

15 nerve degeneration associated with disorde rs 
disorders affecting the circadian clock, a 
disorder transmission; and Schizophrenia; 

affecting neuro-muscular transmi-sio , 

2l leases of the muscles including condition. > with 

mpaired function of neuromuscular connections sue, 
genetic atrophic muscle disorders; and tr,».auc atrophic 

muscle disorders; 

3, Degenerative conditions of various organs such as 
3) Degener . „ of the gonads; degenerative 

B-cells; diabetes mellitus type 

condition, of the Sidneys such a. 

degenerative conditions of the heart, liver and bowel. 

30 fi s mentioned above, the present invention also relates t„ 

«= ^-teaies in formulation 
medicaments and compositions. Strategic 

development of medicaments and compositions based on the 
compounds of the present invention generally correspond 
35 to formulation strategies for any other protein-based 
drug product. Potential problems and the guidance 
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required to overcome these problems are dealt with 
several textbooks, e.g. Therapeutic Peptides and Protein 
Formulation. Processing arid Delivery Systems, Ed. A.K. 
Banga, Technomic Publishing AG, Basel, 1995. 

5 

injectables are usually prepared either as liquid 
solutions or suspensions, solid forms suitable for 
solution in, or suspension in, liquid prior to injection. 
The preparation may also be emulsified. The active 

10 ingredient is often mixed with excipients which are 
pharmaceutical^ acceptable and compatible with the 
active ingredient. Suitable excipients are, for example, 
water, saline, dextrose, glycerol, ethanol or the like, 
and combinations thereof. In addition, if desired, the 

15 preparation may contain minor amounts of auxiliary 
substances such as wetting or emulsifying agents, P H 
buffering agents, or which enhance the effectiveness or 
transportation of. the preparation. 
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Formulations of the compounds of the invention can be 
prepared by techniques known to the person skilled in the 
art. The formulations .may contain pharmaceutical^ 
acceptable carriers and excipients including micropheres, 
liposomes, microcapsules, nanopar tides or the like. 



The preparation may suitably be administered by 
injection, optionally at the site, where the active 
ingredient is to exert its effect. Additional 
formulations which are suitable for other modes of 
administration include suppositories, nasal, pulmonal 
and, in some cases, oral formulations. For suppositories, 
traditional binders and carriers include polyalkylene 
glycols or triglycerides. Such suppositories may be 
formed from mixtures containing the active ingredient ( s ) 
35 in the range of from 0.5% to 10%, preferably 1-2%. Oral 
formulations include such normally employed excipients 
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as for example, pharmaceutical grades of mannitol, 
lactose, starch, magnesium stearate, sodium saccharine, 
cellulose, magnesium carbonate, and the like. These 
compositions take the form of solutions, suspensions, 
5 tablets, pills, capsules, sustained release formulations 
or powders and generally contain 10-95% of the actxve 
ingredient(s) , preferably 25-70%. 

Other formulations are such suitable for nasal and 
10 pulmonal administration, e.g. inhalators and aerosols. 

The active compound may be formulated as neutral or salt 
forms. Pharmaceutical^ acceptable salts include acid 
addition salts (formed with the free amino groups of the 

15 peptide compound) and which are formed with inorganic 
acids such as, for example, hydrochloric or phosphoric 
acids, or such organic acids as acetic acid, oxalic acid 
tartaric acid, mandelic acid, and the like. Salts formed 
with the free carboxyl group may also be derived from 

20 inorganic bases such as, for example, sodium, potassium, 
ammonium, calcium, or ferric hydroxides, and such organic 
bases as isopropylamine , trimethylamine , 2-ethylammo 
ethanol, histidine, procaine, and the like. 

The preparations are administered in a manner compatible 
with the dosage formulation, and in such amount as will 
be therapeutically effective. The quantity to be 
administered depends on the subject to be treated, 
including, e.g. the weight and age of the subject, the 
disease to be treated and the stage of disease. Suitable 
dosage ranges are of the order of several hundred ug 
active ingredient per administration with a preferred 
range of from about 0.1 ug to 1000 ug, such as in the 
range of from about 1 ug to 300 ug, and especially in the 
35 range of from about 10 ug to 50 ug . Administration may be 
performed once or may be followed by subsequently 
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administrations. The dosage with also depend on the route 
of administration and will vary with the age and weight 
of the subject to be treated. 

5 Some of the compounds of the present invention are 
sufficiently active, but for some of the others, the 
effect will be enhanced if the preparation further 
comprises pharmaceut ically acceptable additives and/or 
carriers. Such additives and carriers will be known in 
10 the art. In some cases, it will be advantageous to 
include a compound, which promote delivery of the active 
substance to its target . 

In many instances, it will be necessary to administrate 
15 the formulation multiple times. Administration may be a 
continuous infusion, such as intraventricular infusion or 
administration in more doses such as more times a day, 
daily, more times a week, weekly, etc. It connection with 
the use in nerve guides, the administration may be 
20 continuous or in small portions based upon controlled 
release of the active compound(s). Furthermore, 
precursors may be used to control the rate of release 
and /or site of release . Other kinds of implants and wel 1 
as oral administration may similarly be based upon 
25 controlled release and/or the use of precursors. 

The treatment needs not be a treatment of an diagnosed 
disease, but may alternatively be a prophylactic 
treatment of subjects in general or of subjects known to 
30 have a high risk of getting one of the disease discussed 
above . 

The invention is further illustrated by the non-limiting 
examples . 

35 

EXAMPLES 
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EXAMPLE 1 

PreD^onjjOhe^^-tat^Qmin _JL_o£_NCM4 
The Igl domain of NCAM was produced as a recombinant 
protein in Pichia pastoris . The cDNA fragment encoding 
amino acids 1-97 of rat NCAM was synthesised by PGR and 
amplified cDNA was subcloned into an Xho I/Bam HI site of 
the pHIL-Sl plasmid (Invitrogen Corporation, San Diego, 
USA) An E . coli strain Top 10 F (Invitrogen Corporation, 
San Diego, USA) was used for transformation The 
recombinant plasmid was linearised with Nsi I and used or 
transformation of Pichia pastoris strain His 4 GS-115 
(invitrogen Corporation, San Diego, USA). Transformation 
and selection was performed according to a Pichia 
Expression Kit manual supplied by the manufacturer. The 
recombinant protein was designated as igl PP (Ig-lxke 

. ■ n o n^t-nris). The authenticity of Igl 
domain 1 produced in P. pastoris,. 

PP was secured by amino acid sequencing and MALDI-MS 
confirming the expected molecular weight of 11 kD. Cells 
were grown essentially according to the Pichia Expression 
Kit manual. After induction supernatant from growing cells 
W as filtered through a 0.21 mm filter, concentrated by 
ultrafiltration and purified by gel filtration using a 
Sephadex G-50 column (Pharmacia Biotech AB, Sweden). 



EXAMPLE 2 



p J ^ aj ^ CJ1 _o^^ . 
The CDNA encoding the Ig2 domain of NCAM was synthesised 
by PC R corresponding to residues 100 to 191. Rat NCAM-120 
CCNA was used as template. The amplified cDNA fragment 
was subcloned into a SnaBI/Avrll site of the P PIC9K 
plasmid (invitrogen). The recombinant plasmid was 
linearised with Sad and used for transformation of 
Pichia pastoris strain His 4 GS-115 (Invitrogen) 
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according to the protocol supplied by the manufacturer. 
The recombinant Ig2 domain of NCAM was expressed after 
induction in a 2 litre fermentor (MBR Mini Bioreactor, 
MBR Bioreactor AG) . Thereafter, the expression medium was 
5 concentrated 10 times by u 1 tra - f i 1 t ra t ion . The Ig2 domain 
was purified by gel - f il trat ion by means of Sephadex G25 
(Pharmacia) followed by ion exchange chromatography using 
a 5 ml HiTrap SP column (Pharmacia) yielding 10-15 mg per 
litre of expression medium. The authenticity of the NCAM 
10 Ig2 domain was confirmed by amino acid sequencing and 
mass spectroscopy. In the N-terminal, the original 
residues Lys-1 and Leu-2 were replaced with Tyr-1 and 
Val-2 due to cloning site considerations. 



15 EXAMPLE 3 

S ynthesis and screening of resin-bound stec apeptide 

1 ibraries 

The synthesis of the resin-bound one-bead one-peptide 

20 library was performed using the portioning, mix procedure 
(Furka, A. et al. f (1991) Int. J. Pep. Prot . Res. 37, 487- 
493). Polyethylene syringes served as reaction vessels 
throughout the synthesis and the final TFA-deprotec t ion . 
TentaGel resin (Rapp Polymere, Tubingen, Germany) was 

25 divided into 18 aliquots and the protein L-amino acids 
except cysteine and histidine were used. Side-chains were 
protected with the following protecting groups: Asp(tBu), 
Glu(tBu), Tyr(tBu), Ser(tBu), Thr(tBu), Asn(trt), Gln(trt), 
Lys(Boc), Trp(Boc), Arg(pmc). Fmoc-protec ted amino acids (5 

30 eq; Milligen or Novabiochem) were coupled overnight using 
5eq DIC and 5eq HOBt . Removal of the Fmoc group was 
accomplished with 25% piperidine in DMF for 20 min. The 
side chain protecting groups were removed with 82.5% TFA, 
5% anisole, 5% H2O, 5% EDT, 2.5% thioanisole at room 

35 temperature for 2.5 h followed by washing with 
tetrahydrofuran and 1% HOAc and the resin was subsequently 
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lyophilised. Screenings were done by incubating 2 ml resin 
(equivalent to ca. 10 6 beads) with biotinylated receptor xn 
Tris/HCl buffer (Tris/HCl 0.025 M, P H 7.2, 0.25 M NaCi, 0.1 
% (w /v) Tween 20) containing 0.1% Gelatin (Sigma) for 60 
Bi „. Subsequently the resin was washed in Tris/HCl buffer 
and incubated with avidin-alkaline phosphatase (diluted 
1-20000) for 30 min. The substrates BCIP/NBT (Sigma) were 
added as described by the procedure by Lam et al. ( 1992) 
and stained beads were removed for micro sequencing. The 
library was screened with the receptor NCAM igl-PP (10 
mg/ml ) . 



EXAMPLE 4 
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c ynthpsised 

The most intensely stained beads were selected under stereo 
microscope and sequenced on an ABI 470A equipped with an 
ABI 120A HPLC. The 22 peptide sequences obtained (SEQ ID 
HO.l to SEQ ID NO:22) are shown in Fig. 4A. A conspicuous 
finding was the high prevalence of the basic amino ac.ds 
lysine (K) and arginine (R) in these identified NCAM Igl 
binding sequences. Peptide sequences to be synthesised and 
used in the further investigations were chosen by aligning 
the obtained sequences and examining these for repeated 
patterns revealing putative motifs. Three apparent motxfs 
were identified within the peptides. The first motif was 
the sequence K/R-K/R-P-K/R-K/R-N/S that was partially 
conserved in a group of peptides including the C3 peptide 
as shown in Fig. 4B. The second motif was K/R-K/R-E-K/R- 
X-K/R-K/R found partially conserved in three peptides 
including D3 (Fig. 4C). The third motif, G-X-K/R-P-K/R, 
was found in two peptides including D4 (Fig. 4D) . 



35 EXAMPLE 5 
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Synthesis of peptides 

Three peptides, C3 (SEQ ID NO : 1 ) , D3 { SEQ ID NO : 2 ) and D4 
(SEQ ID NO: 3) were selected for further analysis and 
synthesised on TentaGel resin with Rink amide linker (p- 
5 ( ( R, S) -a- ( 1- ( 9H-f luoren-9-yl ) -methoxyf ormamido ) -2 , 4- 

dimethoxybenzyl ) -phenoxyacet ic acid (Novabiochem) ) using 
Fmoc-protected amino acids (3 eq . ) . Coupling was performed 
for >60 min. with TBTU (3 eq . ) , HOBt (3 eq . ) and DIEA (4.5 
eq.) in a manual multicolumn apparatus. Fmoc was 

10 deprotected with 20% piperidine in DMF for 10 min. 
Synthesis of peptide dendrimers was accomplished by 
coupling Fmoc -Lys ( Fmoc ) -OH ( Novabiochem) to the linker 
resin followed by Fmoc-deprotec t ion of the Fmoc group and 
further coupling of Fmoc-Lys ( Fmoc ) -OH was performed. After 

15 Fmoc-deprotection the synthesis of pepLides was performed 
as above for the monomeric peptides. Peptidyl resins were 
deprotected with TFA 90%, 5% H2O, 3% EDT , 2% thioanisole, 
precipitated in diethyl ether, washed three times in 
diethyl ether, solubilised in 5% AcOH and lyophilised. 

20 Amino acid analysis was performed using Waters picotag and 
Waters 501 pump connected to WISP 7 12. Waters 600E equipped 
with Waters 996 photodiode array detector was used for 
analytical and preparative HPLC on C13 columns (Delta-Pak 
100A 15um, Millipore). MALDI-MS was done on a VG TOF Spec 

25 E, Fisions Instrument. The peptides were at least 95% pure 
as estimated by HPLC. 

To investigate the role of the individual residues in the 
C3-sequence, so-called scrambled peptides, comprising the 

30 same residues as C3 but in a different sequence, were 
constructed in the same way (121, 114 and C3scr in Fig. 
7). Similarly, scrambled peptides corresponding to the 
residues in the D3 and D4 sequences were constructed 
(scrambled D3 and scrambled D4 in Fig. 7). Furthermore, 

35 peptides containing the C3-sequence in which basic amino 
acids (Ks and Rs ) were substituted with alanines were 
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constructed (116 - 119 in Fig. 7) to explore the role of 
these particular amino acids. Likewise, a peptide 
corresponding to the C3-sequence in which the proline- 
residue (Xaa 1 ) was substituted with an alanine was 
constructed. To further investigate the role of the basic 
amino acid residues in C3, a peptide containing the C3- 
sequence in which the basic amino acids were modified by 
acetylation was constructed (C3dacetyl. K(120) in Fig. 

7) • 

EXAMPLE 6 

piAsmnn p ,.i-f*ce Rpsonance Analysis 

Real-time biomolecular interaction analysis was performed 
using a BIAlite instrument (Pharmacia Biosensor AB, 
Sweden). All experiments were performed at 25°C using Hepes 
buffered saline (HBS: 10mM Hepes pH 7.4, 150 mH NaCi, 3.4 
mM EDTA, 0.005% v/v Surfactant P20 (Pharmacia Biosensor, 
Sweden) as running buffer. The flow rate was 5 ml/min. 
Dendrimer peptides C3, D3 and D4 (four peptide-monomers 
coupled to a backbone consisting of three lysines) were 
immobilised on a sensor chip CM5 (Pharmacia Biosensor AB, 
Sweden) using the following procedure: the chip was 
activated by 10ml 0.05 M N-hydroxysuccinimide , 0.2 M N- 
ethyl-N'-(dimethylaminopropyl)carbodiiniide; peptides were 
immobilised using 35 ml peptide solution in HBS at a 
concentration of 60 ug/rol; finally the chip was blocked by 
35 ,il 1 M ethanolamine hydrochloride pH 8.5. Binding of Igl 
to dendrimer peptides: 50 ml of Igl or Igll at the 
indicated concentrations were applied. The chip was 
regenerated by two 5 ml pulses of 5 r,M NaOH . Two 
independent experiments were performed. The results 
confirmed that C3, D3 and D4 bind to the NCAM Igl domain. 
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Ag gregation and neurite outg rowth 

1) Influence of NCAM Igl binding compounds on NCAM 
mediated cell adhesion 

5 Hippocampal cells were prepared from rat embryos 
gestational day 17-19. Cerebellar cells were prepared from 
postnatal day 4-7 mice. Cells were grown in a defined 
medium consisting of DMEM/F1 2 (Gibco, BRL) supplemented 
with N2 (Gibco, BRL) or Neurobasal supplemented with B27 

10 (Gibco, BRL,), in both cases supplemented with 20 mM HEPES 
(Gibco, BRL), 0,4% w/v bovine serum albumin (Sigma) and 100 
iU/ml penicillin-streptomycin. Dissociated cells were 
seeded in 60 well microtiter plates (50.000 in 15 ml per 
well) essentially as described (Maar et al., 1995). After 

15 24 h, the amount of aggregates were counted. Peptides to 
be tested were added to the cell suspension immediately 
before seeding of cells in the microwells. When the NCAM 
Igl binding peptides, C3, D3 and D4 were present during 
the aggregation of cells, a higher number of cell 

20 aggregates resulted when quantified 24 h after seeding of 
cells. Fig. 5 shows the number of aggregates measured 24 
h after seeding of cells in the presence of C3d in the 
indicated concentrations in uM (concentration calculated 
with respect to the amount of peptide monomers present on 

25 the peptide-dendrimers ) . The peptide moreover resulted in 
an increase in the number of neuronal processes formed 
(Fig. 6). D3- and D4-dendrimer likewise increased the 
number of aggregates formed after 24 h. Scrambled 
peptides based on the C3-sequence also inhibited 

30 aggregation. The effect of the various peptides tested is 
shown in Fig 7. To localise the active residues of the 
C3-peptide, alanine substitutions were carried out. 
Substituting the proline with an alanine did not change 
the effect. Likewise, one basic amino acid could be 

35 substituted by alanine without a change in effect, thus 
such a peptide (termed 116" in Fig. 7). In contrast, 
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peptides with two to four alanine substitutions of the 
basic residues had no effect on aggregation indicating 
that these basic residues are important for the effect of 
C3 Similar aggregate cultures were prepared in the 
5 presence of C3 as monomer, dendrimer or as BSA-coupled 
20-mer. Different forms of the C3 peptide were tested. It 
was found that monomelic, dendrimeric and BSA-coupled 
forms of C3 had similar effects on aggregation. However, 
the dendrimer of the C3 sequence was the most potent 
10 form, presumably due to the ability to link several of 
the receptor domains. To verify that the receptor was 
situated in the NCAM Igl domain, the cells were incubated 
with this domain prepared in Pichia pastoris as described 
in Example 1 in solution in a concentration of 5.4 or 54 
15 ug/ml. The presence of the NCAM Igl domain abrogated the 
effect of C3 demonstrating an interference with NCAM- 
mediated cell adhesion of C3. These experiments show that 
the here identified NCAM Igl binding peptides influence 
NCAM mediated cell adhesion and thereby increase the 
20 number of cell aggregates and neuronal processes formed 
in cultures of primary neurones grown at high densities. 

2) NCAM Igl binding compounds promote neurite outgrowth 

25 Hippocampal cells were prepared from rat embryos 
gestational day 18. 5000 cells/well, corresponding to 
approximately 4000 cells/cm 2 , were seeded in 8 well 
LabTek Tissue Culture Chamber Slides with a growth 
surface of Permanox plastic (NUNC A/S, Denmark) or 

30 fibronectin (cocultures) and maintained for 20 h as 
described in Example 7 (1). 

For cocultures, neurones were seeded on monolayers of 
fibroblasts, either L-ceils or 3T3 cells with or without 
35 NCAM-B expression. Neurones were visualised using 
immunohistochemical staining for growth associated protein 
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43 kD ( GAP 4 3 ) . Briefly, cells were fixed 30 min in 4% 
paraformaldehyde in phosphate buffered saline (PBS). The 
primary antibody was rabbit anti-GAP43 1:100 in PBS with 1% 
fetal bovine serum(FBS), 0.1% bovine serum albumin ( BSA) , 
5 50 mM glycine, 0.02% NaN 3 , 2% saponine lh at room 
temperature or overnight, at 4°C. The second antibody was 
biotinylated swine-anti-rabbit immunoglobulins 1:100 in PBS 
with 1% BSA lh at room temperature. The third layer was 
streptavidine coupled to FITC or horse radish peroxidase 

10 (HRP) 1:100 lh at room temperature. Between layers, 
washings were performed 3X20 min in PBS with 1% BSA. Images 
of living or stained neurones were captured and analysed by 
the image analysis program Line Length created at the 
Protein Laboratory. Putative axons were identified as the 

15 longest neurite of each cell. Only neurites longer than 10 
mm were considered. 

Fig. 8 shows the effect of C3 added to cocultures of 
primary hippocampal neurones on monolayers of fibroblasts 

20 stably expressing NCAM-140 (LBN) or monolayers of 
fibroblasts without NCAM expression (LVN). In this model, 
NCAM expressed by transfected fibroblasts induce an 
increased neurite outgrowth from neurones. The mean 
length of neurites on NCAM-expressing fibroblasts was 

25 longer than the mean length of neurites on fibroblasts 
without NCAM expression. In the presence of C3, there was 
no difference between the length of neurites on 
fibroblasts with or without NCAM expression showing that 
C3 binds to NCAM (0.54 or 5.4 M M) in both cerebellar and 

30 hippocampal neurones. When neurones were maintained on 
fibroblasts without NCAM-expression , neurite extension 
was stimulated by C3 in similar concentrations when 
compared to controls maintained in the absence of C3. 
This shows that C3 stimulates neurite outgrowth. 
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To 



investigate the stimulatory effect on neurite 
extension, cells were prepared as described and seeded on 
a substrate of plastic or fibronectin. Cells were then 
.maintained for 21 h and neurite outgrowth was analysed by 
5 computer-assisted image analysis using the program 
Linelength. The mean length of the longest neurite of 
each cell was measured for neurites longer than 10 uM . In 
addition, the mean number of branchpoints per neurite and 
the mean number of neurites per cell were determined. 
10 NCAM igl binding peptides C3, D3 and D4 were added 
immediately before seeding the cells. This resulted in an 
increase in neurite outgrowth. The results for the 
measurements of the longest neurite per cell are shown xn 
Fig 9 and Fig. 10 in which the concentrations are given 
15 in uM. A similar dose-response relationship was found 
when measuring the number of neurites per cell and the 
branching of neurites. Scrambled peptides with sxmxlar 
amino acid composition but altered sequences had sxmxlar 
effects as C3, D3 and D4 . The effect on neurite outgrowth 
of the tested NCAM Igl binding peptides and the various 
control-peptides is shown in fig. 7. 

To investigate which properties of the NCAM Igl binding 
peptides were important for the observed neuritogenxc 

25 effect, peptides corresponding to the C3-sequence, but 
having alanine substitutions of basic amino acids were 
tested for their effect on neurite outgrowth (Fig. 11). 
The length of the longest neurite, the number of neurites 
per cell and the branching of neurites was strongly 

30 stimulated by the C3 peptide (0-54 uM) . A peptide wxth a 
similar sequence apart from one alanine substitution of a 
basic amino acid had similar effects. In contrast, 
peptides with two to four alanine substitutions had no 
effect. To investigate the mechanisms of this effect, the 

35 C3 peptide (0.54 »M) was added in combination with 
various compounds known to inhibit NCAM dependent 
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signalling (Fig. 12 and Fig. 13). The following compounds 
were found to inhibit the stimulatory effect of C3 on 
neurite extension: 10 uM verapamil ( ve inhibitor of Li- 
type voltage dependent calcium channels), 0.27 uM omega- 
5 conotoxin GVIA (co inhibitor of N-type voltage 

dependent calcium channels), 1 ug/ml pertussis toxin 
( pertus inhibitor of certain G-proteins) , an erbstatin 
analogue (erb 0.2 pM. inhibitor of certain tyrosine 
kinases), antibody to an acidbox epitope in fibroblast 

10 growth factor receptors (FGF-Rs) (1:200 inhibitor of 
NCAM-FGF-R binding and signalling), a peptide 
corresponding to the so-called CAM homology domain (CUD) 
(175 uM, inhibitor of NCAM-FGF-R binding and signalling). 
In addition, the neuritogenic effect of C3 was completely 

15 abrogated by the NCAM Igl domain, prepared as described 
in Example 1, in solution. These results show that C3 
stimulates neurite outgrowth by binding to the NCAM Igl 
domain and thereby activating signalling pathways in the 
neurone that are sensitive to the above mentioned 

20 inhibitor-compounds. 

To investigate the endogenous ligand of NCAM Igl, the 
NCAM Ig2 domain was prepared in Pichia pastoris (see 
Example 2) and tested for its effect on neurite outgrowth 

25 from primary hippocampal neurones maintained on a 
substrate of fibronectin. The polypeptide comprising the 
domain was added to the culture-wells immediate before 
seeding of cells. Fig. 14 shows the mean length of the 
longest neurite measured 21 h after seeding of primary 

30 hippocampal neurones in the presence of NCAM Ig2 
polypeptide (pLoop2" ) in the indicated concentrations. 
It shows that NCAM Ig2 stimulates neurite outgrowth with 
a bell-shaped dose-response relationship similar to that 
of the C3 peptide. The maximal neuritogenic effect of 

35 NCAM Ig2 was found at a concentration of 5.4 ug/ml which 
corresponds to 0.54 uM of the domain. This is the same 
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concentration at which the C3 peptide had a maximal 
neuritogenic effect. The NCAM Ig2 domain was then tested 
in combination with compounds known to inhibit NCAM 
dependent signalling as described for C3 above. These 
compounds also inhibited the neuritogenic effect of NCAM 
lg 2 . Thus, NCAM Ig2 and C3 both binds to NCAM Igl and 
both NCAM Ig2 and C3 stimulate neurite extension by 
activating identical signal transduction pathways. 
Therefore, NCAM Ig2 and C3 were tested for their effect 
on neurite outgrowth when added in combination. The 
effect of NCAM Ig2 was found to be non-additive to that 
of C3 (Fig. 15). The results shown that NCAM Ig2 and C3 
stimulate neurite extension by identical mechanisms. They 
both bind the NCAM Igl domain and thereby activate 
identical signalling pathways leading to neurite 
outgrowth . 



EXAMPLE 8 



25 



20 p r o1 iferation 

Cell proliferation was determined by incorporation of 5- 
bromo-2'-deoxyuridin in a cell proliferation ELISA system 
(Amersham Life Science) according to the procedure of the 
manufacturer. Primary hippocampal neurones were seeded in 
microtiter plates at a density of 33000 cells per well, 
in the presence of C3d in a concentration of 0.8 uM, an 
increased incorporation of BrdU was observed indicating a 
stimulation of neuronal proliferation. The dose-response 
curve was bell-shaped (Fig. 16), thus at higher 
concentrations, C3 inhibited proliferation. C3 also 
promoted proliferation of neuroblastoma cells. However, 
the net effect on proliferation depended on the growth 
status of cell. Hence in PC12 cells, an inhibitory effect 
on proliferation was observed concomitant with an 
35 increased neurite outgrowth indicating that the peptide 
stimulated differentiation of these cells. These results 
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show that NCAM Igl binding compounds can influence 
proliferation of neurones. The net effect depends on the 
growth status of the cells but under the proper 
circumstances, a stimulation of proliferation will 
5 result. 

EXAMPLE 9 

Cell growth 

10 Cell growth is another way of monitoring proliferation of 
the cells. Primary hippocampal cells were seeded into 96 
well microtiter culture plates (Nunc A/S) at a density of 
20.000 or 40.000 per well in defined medium as described 
above. Cells were grown for 48 h, centrifuged in order to 

15 remove medium, fixed in 3.7% formaldehyde in PBS for 15 min 
and stained with 0.5% Cristal Violet in 20 % methanol for 
15 min. Stained cells were thoroughly washed with Milli Q 
purified water, thereafter residual dye was solubilised 
with 0.1 M sodium citrate in 50% ethanol pH 4.2 and 

20 absorbance measured at 550 nm . When added in 0.8 

immediately preceding seeding of cells, C3 was shown to 
increase cell growth . 
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Claims 
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1. A compound which binds to the NCAM Igl domain and is 
capable of stimulating neurite outgrowth from and/or 
proliferation of NCAM presenting cells. 

2. A compound of claim 1 which compound is the NCAM Ig2 
polypeptide or a fragment thereof or a mimic thereof. 

3. A compound of claim 2 which compound is the NCAM Ig2 
polypeptide . 

4. A compound of claim 2 which compound is a fragment of 
the NCAM Ig2 domain. 

5. A compound of any of claims 2-4 which compound is a 
peptide which binds to the NCAM Igl domain through a 
binding motif which comprises at least 2 basic amino 
acid residues. 

6. A peptide of claim 5 which comprises at least 2 basic 
amino acid residues within a sequence of 10 amino 
acid residues. 



25 7. A peptide of claim 6 which comprises at least 2 basic 
amino acid residues within a sequence of 3 amino acid 
residues . 

8. A peptide of any of claims 4-7, characterised in that 
30 it comprises the sequence: 

(Xaa + ) m -(Xaa) p -(Xaa + )-(Xaa 1 ) r -(Xaa + )-(Xaa) q -(Xaa + ) n , 

wherein Xaa + is a basic amino acid residue, 
35 Xaa 1 is any amino acid residue, 

Xaa is any amino acid residue, and 
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m 



,n,p,q and r independently are 0 or 1 . 
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A peptide according to any of claims 5-8 wherein the 
basic amino acid residues are lysine (K) or arginine 
(R) . 

A peptide according to any of claims 5-9 wherein r is 
1 . 



11. A peptide according to claim 10 wherein Xaa 1 is 
proline (P) or glutamic acid (E). 
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A peptide according to any of claims 5-11 wherein at 
least one of m and n is 1 . 



13 A peptide according to claims 5-12 wherein the 

peptide comprises the sequence ( K/R) 0- i-K/R-X-K/R) , 
wherein X has the meaning Xaa 1 , suitably the sequence 
K/R-K/R-X-K/R or K/R-X-K/R, more suitably the 
sequence K/R-P-K/R, K/R-K/R-P-K/R, K/R-K/R-E-K/R or 
K/R-K/R-E-K/R, even more suitably the sequence K-P-K, 
K-K-P-K, K-K-E-K or K-K-E-R and most suitably the 
sequence A-S-K-K-P-K-R-N-I-K-A (SEQ ID N0:1), A-K-K- 
E-R-Q-R-K-D-T-Q (SEQ ID NO : 2 ) , or A-R-A-L-N-W-G-A-K- 
25 P-K (SEQ ID NO:3) . 

14 A peptide according to claim 13 which peptide has the 
sequence A-S-K-K-P-K-R-N-I-K-A (SEQ ID NOil), A-K-K- 
E-R-Q-R-K-D-T-Q (SEQ ID NO : 2 ) , or A-R-A-L-N-W-G-A-K- 

3 0 P-K (SEQ ID NO: 3) . 

15 A peptide according to any of claims 5-14 wherein one 
or more of the amino acid residues is modified, such 
as being acetylated. 
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16. A peptide according to any of the claims 5-15, which 
peptide is identical to a part of the NCAM Ig2 
domain . 

5 17 . A peptide according to any of the claims 5-15, which 
peptide is a mimic of the NCAM Ig2 domain or of a 
fragment of the NCAM Ig2 domain. 

18. A peptide according to any of claims 5-17, which 
10 peptide binds to the NCAM Ig2 binding site on the 

NCAM Igl domain. 

19. A peptide according to any of claims 5-17, which 
peptide binds to a binding site on the NCAM Igl 

15 domain, which binding site is different from the NCAM 

Ig2 binding site. 

20. A compound according to claim 2, which compound is a 
non-peptide molecule mimicking the binding of the 

20 NCAM Ig2 domain or a fragment thereof of a peptide 

mimic thereof to the Igl domain. 

21. A compound according to claim 2, which compound is an 
anti-NCAM Igl antibody. 

25 

22. An antibody according to claim 21, which antibody is 
monoclonal . 

23. An antibody according to any of claims 21 or 22, 
30 which antibody is chimeric or humanised. 

24. The NCAM Ig2 polypeptide, a fragment or a mimic 
thereof according to any of claims 1-23 for use in 
the treatment of normal, degenerated or damaged NCAM 

35 presenting cells. 
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25. The NCAM Ig2 domain or a fragment or mimic thereof 
for use in the treatment according to claim 24, 
wherein the treatment consists of stimulating 
outgrowth from and/or proliferation of the NCAM 

5 presenting cells. 

26. The NCAM Ig2 domain or a fragment or mimic thereof 
for use in a treatment according to claims 24 or 25 
wherein the treatment is a treatment of diseases and 

10 conditions of the central and peripheral nervous 

system, of the muscles or of various organs. 

27. The NCAM Ig2 domain or a fragment or mimic thereof 
for use in a treatment according to claim 26 wherein 

15 the treatment is a treatment of diseases or 

conditions of the central and peripheral nervous 
system, such as postoperative nerve damage, traumatic 
nerve damage, impaired myelination of nerve fibers, 
postischaeraic, e.g. resulting from a stroke, 

20 Parkinsons disease, Alzheimers disease, dementias 

such as multiinfarct dementia, sclerosis, nerve 
degeneration associated with diabetes mellitus, 
disorders affecting the circadian clock or neuro- 
muscular transmission, and schizophrenia. 
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28. The NCAM Ig2 domain or a fragment or mimic thereof 
for use in a treatment according to claim 26 wherein 
the treatment is a treatment of diseases of muscles 
including conditions with impaired function of neuro- 
muscular connections such as genetic or traumatic 
atrophic muscle disorders. 



29. The NCAM Ig2 domain or a fragment or mimic thereof 

for use in a treatment according to claim 26 wherein 
35 the treatment is a treatment of diseases of various 

organs, such as degenerative conditions of the 
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gonads, of the pancreas such as diabetes mellitus 
type I and II, of the kidney such as nephrosis and of 
the heart, liver and bowel. 

The NCAM Ig2 domain or a fragment or mimic thereof 
for use in a treatment according to claim 24 or 25 
wherein the treatment is a stimulation of ability to 
learn and/or of the memory. 

Use of the NCAM Ig2 domain or a fragment or mimic 
thereof according to any of the claims 1-23 in the 
manufacture of a medicament for the treatment of 
normal, degenerated or damaged NCAM presenting cells. 

Use according to claim 31 wherein the treatment is a 
stimulation of neurite outgrowth from and/or 
proliferation of NCAM presenting cells. 

Use according to any of claims 31 or 32 wherein the 
medicament is for treatment of diseases or conditions 
of the central and peripheral nervous system, such as 
postoperative nerve damage, traumatic nerve damage, 
impaired myelination of nerve fibers, pos tischaemic , 
e.g. resulting from a stroke, Parkinsons disease, 
Alzheimers disease, dementias such as inul tiinf arc t 
dementia, sclerosis, nerve degeneration associated 
with diabetes mellitus, disorders affecting the 
circadian clock or neuro-muscular transmission, and 
schizophrenia; for treatment of diseases or 
conditions of the muscles including conditions with 
impaired function of neuro-muscular connections, such 
as genetic or traumatic atrophic muscle disorders; 
or for treatment of diseases or conditions of various 
organs, such as degenerative conditions of the 
gonads, of the pancreas such as diabetes mellitus 
type I and II, of the kidney such as nephrosis and of 
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the heart, liver and bowel. 

34 Use according to any of claims 31 or 32 wherein the 
medicament is for the stimulation of the ability to 

5 learn and/or of the memory. 

35 Pharmaceutical composition comprising one or more of 
the compounds according to any of the claims 1-23. 
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36. Composition according to claim 35 wherein the 
compound is the NCAM Ig2 domain or a fragment thereof 
or a peptide mimic thereof. 

37. Composition according to claim 36 wherein the 
15 peptides are formulated as multimers . 

38. Composition according to claim 37, characterised in 
that the peptides are formulated as dendrimers, such 
as four peptides linked to a lysine backbone, or 

20 coupled to a protein carrier such as BSA . 

39. A method of treating normal, degenerated or damaged 
NCAM presenting cells in vitro or in vivo, 
characterised in that an effective amount of one or 

25 more of the peptides according to claims 1-23 or a 

, • „ r-iflims 35-38 is administered 
composition according to claims jo jo 

in vitro or in vivo. 
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A method of claim 39 wherein the treatment is a 
30 stimulation of neurite outgrowth from and/or 

proliferation of NCAM presenting cells. 

41. A method of any of claims 39 or 40 wherein the 
treatment is an in vivo treatment of diseases or 
35 conditions of the centra] and peripheral nervous 

system, such as postoperative nerve damage, traumatic 
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nerve damage, impaired myelination of nerve fibers, 
pos t ischaemic , e.g. resulting from a stroke, 
Parkinsons disease, Alzheimers disease, dementias 
such as multiinfarct dementia, sclerosis, nerve 
5 degeneration associated with diabetes niellitus, 

disorders affecting the circadian clock or neuro- 
muscular transmission, and schizophrenia; of diseases 
or conditions of the muscles including conditions 
with impaired function of neuro-muscular connections, 

10 such as genetic or traumatic atrophic muscle 

disorders; or of diseases or conditions of the 
organs, such as degenerative conditions of the 
gonads, of the pancreas such as diabetes mellitus 
type I and II, of the kidney such as nephrosis and of 

15 the heart, liver and bowel. 

42. Method according to any of claims 39-41 wherein the 
treatment leads to regeneration of nerves . 

20 43. Method according to claim 42 wherein the compounds 
are used in combination with a prosthetic device. 

44. Method according to claim 43 wherein the device is a 
prosthetic nerve guide. 

25 

45. A prosthetic nerve guide, characterised in that it 
comprises one or more of the compounds according to 
claims 1-22 or a composition according to claims 32- 
36 . 

30 

46. Method of stimulating the ability to learn and/or the 
memory in a subject, characterised in that an 
effective amount of one or more of the compounds 
according to claims 1-22 or a composition according 

35 to claims 35-38 is administered to said subject. 
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47. Medicament for the treatment of diseases and 

conditions of the central and peripheral nervous 
system, of the muscles or of various organs, 
characterised in that the medicament comprises an 
5 effective amount of one or more of the compounds 

according to claims 1-22 or a composition according 
to claims 35-38 and one or more pharmaceutical^ 
acceptable additives or carriers. 

10 48. Medicament according to claim 47, formulated for 
oral, percutaneous, intramuscular, intracranial, 
intraventricular, intranasal or pulmonal 
administration . 

15 49. Composition for use in the stimulation of learning 

and/or memory in a subject, characterised in that the 
composition comprises an effective amount of one or 
more of the compounds according to claims 1-22 or a 
composition according to claims 35-38 and one or 

20 more pharmaceutical^ acceptable additives or 

carriers . 

50. Composition according to claim 49 formulated for 
oral, percutaneous, intramuscular, intracranial, 
25 intraventricular, intranasal or pulmonal 

administration . 
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The invention relates to treatment of diseases and conditions of 
the central and peripheral nervous system, treatment of diseases 
and conditions of muscles and treatment of diseases and conditions 
of various organs. The treatment may also be a stimulation of 
learning and memory. In particular, the present invention concerns 
new compounds which are capable of stimulating proliferation of 
and/or neurite outgrowth from cells presenting the neural eel 1 
adhesion molecule ( NCAM ) , such as neurones. In a further aspect, 
the present invention relates to pharmaceutical compositions and 
medicaments as well as methods for treating normal, degenerated or 
damaged NCAM presenting cells. 
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FIG. 11 
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FIG. 13 

erb: erbstatin analog, CHD: camhomoldorn. peptid (#126) 
pertus: pertussis toxin 

20/5-97 hip E18 fibronect 10 pg/ml,airdried 
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FIG. 15 
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